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INTRODUCTION 


During the last few years Cronartium nbicola Fischer has become the 
(St serious fungus pest of white pine {Pimis sirohus L.) in America, 
ssuch it has been the subject of much study by pathologists who real- 
gd, from a knowledge of the course of the parasite in Europe, the 
Mage it was capable of causing. Spaulding (54)^ in the most com- 
fehensive paper on the fungus which has appeared in this country, 
{liews the reports o£ its ravages on white pine in the Old World and 
pcs its general characters and life history. Since the discovery by 
itewart (57) of C. ribicola on species of Ribes at Geneva, N. Y., in 
506, many papers have appeared calling attention to the absolute neces- 
jtv of controlling the spread of this parasite if the white pine is to be 
aved for reforestation. A great deal of attention has been given to 
feting the susceptibility of possible hosts through inoculation and to 
«rol and eradication methods, both in the United States and Canada, 
h Europe most of the recent work has been along this same line. Kle- 
laliii {2^, 24, 25, 26) and Tubeuf (5<y, 59, do) have carried on extensive 
speriments. 

The morphology of Cronartium ribicola and the details of the interrela- 
te of the parasite and its hosts have never been thoroughly worked 
«it. The cytology of the genus Cronartium has up to the present time 
iKeived very little attention. In the following paper the results of 


Krtain observations extending over a period of two years udll be pre- 
^ted, first, with reference to the minute histology of the fungus and 
tile interrelations of host and parasite, and secondj with reference to 
|ihe cytological phenomena accompanying spore production in the 


Cerent types of sori. The paper is pffered as a contribution to our 
bowledge of the parasitism, morphology, and cytology of the genus 
Cranartium. 


^ ' EcfcTcncc is made by number (italic) to “ Literature cited, p. 

Agricultural Research. ‘ 

'WlOEtOTJ, D. c. 
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I,IFE HISTORY AND HOSTS 

The life history of Cromrtium rihicola has been so well reported 
Tubeuf (59. 6o), Klebahn (25), Spaulding (54, 55), and others that it 
only necessary to' repeat it in outline by way of introduction to wh' 
follows, Sporidia from the teliospores produced on Ribes spp. 
young stems and branches of Finns strobus and other 5-needled pbe 
The pycnial and aecial stages subsequently develop on the pines, 
spores from the pine infect leaves of Ribes spp., on which the uredini 
are shortly formed. These sori are produced in successive generatioj 
throughout the summer. Telia develop from old uredinia, or as separat 
entities, in the form of compact columns. The teliospores genninat 
in situ, each one producing a promycelium which gives rise to fou 
sporida. A diagram of the life cycle is presented in text figure i.^ 

In the United States and Canada the pine most frequently attacked i 
Finns strobus, although F. fiexilis James and P. parviflora Sieb. and Zua 
have been found infected. Practically every known species of Ribes i 
susceptible to infection to a greater or less degree, and therefore the dis 
covery of an immune variety is much to be desired. The results 0 
inoculations on Ribes spp. in America have been reported by Spauldioj 
and Gravatt (56) , and further work is being conducted with all the speda 
and varieties of Ribes obtainable. 

EXPERIMENTAL METHODS 


The method used for rapid examination of specimens of pine siispectH 
'of being infected has been described in detail in a previous paper (;) 
This procedure in brief is as follows : Sections from fresh pine bark arecu 
on an ether freezing microtome, rinsed in water, stained in safraiiin am 
Lichtgrun, cleared in clove oil followed by xylol, and mounted in. balsam 
They are then examined, preferably with an oil-immersion lens, todetci 
mine the presence or absence of the characteristic mycelium and t!i 
striking haustoria of the rust, the latter being especially important from 
a diagnostic standpoint. This method yields transparent sections whicl 
for general morphological Study have not been surpassed by following an; 
of the more complicated methods given below. Very little shrinka® 
occurs in the mycelium, and as the method is usually employed before 
pycnia and secia appear, the preservation of the liyphae in as near then 
natural shape as possible is practically all that is iiecessary. Moreo^er 
the host tissue shrinks so slightly^that the distortion is entirely negligiWe 
Two killing agents were used in the preparation of material for para 1 
or cclloidin embedding: (i) formalin-alcohol, made by addmg 6 cc. 0 l 
strength commercial formalin (U. S. P. VIII) to 94 cc. of 7 ^ 


* The drawings for the text figures 

4-V>o r*rl I" h ^ rilaf^C 


: made by the aid of a cadiera lucida and a S 

.mera Inrirla was Used. The photographs and photomicrOb 
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alcohol; and (2) Flemming’s fluid, both weak and strong. The first 
used for pine material only; the second fgr both pine and spn 
Formalin-alcohol gave excdle.it result not only for gross mycelial char' 
acters but also in some cases for nuclear phenomena. The material 4 - 

fp qlisfenifjg drops 
OP pine bark. 



hiair-lihe columns 
on The under side of 
curront <ind (joosebercY leaves 



Fig. I. — Diti^ram representing the life e^^cle of Cfouafiium ridicule. Tlie spores are drawn to approxJ- 
Biately the same scale and are numbered in the order of their appearance: i, pycniospore; », aciosporc; 
3, urediniospore; 4, telius|:io.re; siK.ridium. The rep.‘litioii of the fieurc 3 in the brtiken line betwwi 
the uiediniosporc and the teliospore indicatrs th.ittlieuTCdiuiosiJo: esappearinsuccesstve generations in 
a single growing season, a, A vouiijj pine brniu-U ai the lime iufeclicjn usually takes place, b, 
drops; c. pycaial spots: d, ack; c, the dots on the curr-rnt leaf represent uredinia; /, the dots represent 
predinia and the dashes telkl columns; q, this fignirc represents the condition of the infected leaf in the 
fall when the telial columns are the predomiiiaut snore forms, 

tioned easily, cither in paraffin or celloidin, and stained well with safianin 
^d Lichtgrun or Haidenhaiii's iron-alum hematoxylin. Both concen- 
trations nf — rrro+..r;ot 
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thoroughly washed in running water. Certain generally accepted prin- 
ciples of killing and fixing were considerably modified by greatly shorten- 
ing the time the material was left in the different reagents. The time 
the material remained in the grade alcohols was cut to 5 minutes for 10 
per cent alcohol, 10 minutes for 15 per cent, 20 minutes for 20 per cent 
and 30 minutes each for 30, 40, 50, 70, 80, 90, and 95 per cent. Absolute 
alcohol was used for 30 minutes with one change. 

Xylol-alcohol was used both in short steps of 5, 10, 15, 20, 25, 50, and 
75 per cart, or in a 25, 50, and 75 per cent concentration. For the short 
jumps the schedule of 5 minutes for 5 per cent, 10 minutes for 10 per cent 
etc., was adopted; for all the longer jumps 30 minutes were allowed. 
The longer jumps apparently did not injure the material or its staining 
qualities. Pure xylol was used for one hour, with one change. The 
infiltration with paraffin was carried out as rapidly as was feasible, start- 
ing with shavings of 45° paraffin in xylol in cold solution, for 12 to 15 
hours (overnight), then at the water-bath temperature, gradually adding 
more soft paraffin, for 24 hours. The mixture of xylol and paraffin was 
replaced by pure 45° paraffin for two hours, the latter by 55° paraffin for 
four hours, with one change and the material then embedded in the 
harder paraffin. 

iEciospores and telial columns wdth promycelia and sporidia attached 
were killed in Flemming’s fluid and handled with the aid of a centrifuge. 
By using a short spinning at moderate speed to send the small objects to 
the bottom of the centrifuge tube little material was lost in decanting or 
pipetting oS the different reagents. When the material had been brought 
to pure paraffin, it was transferred to a glass tube 2 inches long with 
X-inch bore, which had been previously well coated inside with glycerin 
and stoppered at one end with a close-fitting cork. This piece of tubing 
was then placed in the centrifuge while hot and the centrifuge started 
rather rapidly. After about a minute of rapid spinning tlie centrifuge 
was slowed down and kept going at a moderate rate until the paraffin was 
completely cooled. Experience has showm that if the small objects are 
simply allowed to settle land the tube then cooled in water, the paraffin 
will solidify first next to the glass and remain fluid in the center with the 
result that the core of the plug will be hollow when the final contraction 
and cooling has taken place. The hollow may extend quite down to llie 
cork, making it impossible to cut a clean, well-shaped block for sectioning. 
The use of the centrifuge completely overcomes this trouble and also 
crow'ds the minute objects closer to the bottom of the tube against the 
cork. When the paraffin has cooled, the cork is pulled out and the par- 
affin plug pushed out of the tube. 

The paraffin method was used exclush'ely for embedding bark and leaf 
fricsnpc It was found that the bark tissue could be easily cut down to 

1 'I'fciofpfl 
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with 50 per cent hydrofluoric acid and then embedded in celioidin ^ or 
was simply placed in 95 per cent alcohol and glycerin, equal parts’ for 
about 10 days to 2 weeks, and sectioned wiihoul embedding at’ all 
Neither of these two methods gave belter sections than could be obtaine^d 
from fresh tissue with the aid of the ether freezing microtosne and a sharp 
knife, except in the case of tangential sections. A thickness of 1 0 to :o 
was found the most favorable for the study of the mycelium in ihe dilTen 
eiit elements of the cortex , phloem , and xykm. In sections thinner than 
30 M the mycelial strands were often torn out of place. For the .stud}- of 
the pycnia and secia sections were used as thin as 3 ^u, but 5 to 7.5 ^ were 
generally employed. Sections of uredinia and telia nere cut 3, 5, and 
7 ft thick. 

For mounting, hand's fixative/ potassium-bichromate + gum-arabic, 
was found superior to egg albumen and was used almost entirely for bark 
sections. 1 1 was also found more satisfactory for long sections of the leaf. 

A rather long series of stains was employed, and a comparison of the 
different features of the mycelium and host cells made from slides colored 
with the different stains. The diagnostic method has already been 
mentioned. Alcoholic safranin and clove-oil A gcntiamviolet were par- 
ticularly good for mycelium in the xylem. Safranin and Belafield’s 
hematoxylin was also a favorable combination ft»r such infected tissue. 
In the phloem and cortex the tnyceliiJm was well differentiated with 
Delaficld’s hematoxylin followed by erylhrosin in 70 per cent alcohol. 
For cytological study Kaidenhain’s iron-alum hematoxylin in combina- 
tion with aqueous Congo red, aqueous orange G, or Lichtgrm in 95 per 
cent alcohol proved excellent. Host and parasite cell walls stained well 
with the Liditgrun^ w^hether in combination with the hematoxylin or 
safranin, Flemming’s triple stain ^ gave the best results for cytological 
study, with one or two exceptions to be mentioned later; and by using a 
strong violet stain the mycelial and host relations at the bases of the son 
were brought out more clearly than with any other combination. The 
gentian-violet was made up in small quantities, eiiougfi for one week, as 
it does not keep well. All reagents from the safranin to the xylol were 
handled wdth pipettes from dropper bottles and used but once. 

It was found that material once correctly ‘embedded in paraffin, sec- 
tioned, and mounted, would stand the jump from 95 per cent alcohol to 
water, then a 5-minute immersion in full strength hydrogen peroxid for 
bleaching, without shrinkage or distortion. The sections were rinsed in 


‘ Sec PWWMAN. Alton B. IHS ctLLOisjs Mnmar. 7,nTii ii-ard ns-ii-ES. In Bot. Gai., v. 37, tio. 6, 
p. 456-461. 1904, . 

’ See CfTAMBHRl,AIN', C. J . iiETMOlv; W ^L.5^•T HiSlVURiV. t.r ?, 

> The fuins were ni,ide up according OiUicioIlo A >«K aiii'ciioBS. Solution . *8®-° * 

in«ee. of 95 percent alwliol; nilcr. Solutioull: 5Cv.oOiuiiinoiiiQ95Ce.of.Ii«i:M«;Ut. Stekethet^O 
solutions together and filler. G^S'nx^i-vit.ua, tk.lutien T- 1 ?m. oi reiitMu-vieleun 
alcohol. &)lu(ioii [I; 5 cc. of aniltii oilin Ro cc, u{ distiiUv! ivo:?r, Mbrtliet"P6') utiiins. Si 
OkWJGft G; I gju, of orange G. in 100 cc. cii w.itcr. 
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water after bleaching and kept in 70 per cent alcohol until they could be 
stained. They were stained in safranin for one to two minutes, rinsed in 
water, differentiated to the proper point with 50 per cent acid alcohol 
and washed with fresh 50 per cent alcohol. They were then stained for 
15 to 60 seconds in gentian- violet. The violet was followed at once by 
the orange G with the slide held at an angle so that the orange G would 
run off rapidly and carry the violet with it. Then a few drops of abso- 
lute alcohol were mixed with the orange G which remained on the slide 
to hasten the removal of excess violet, and the mixture was quickly 
poured off. The mixing process and the pouring off of the mixture were 
carried out as rapidly as it was possible to manipulate the reagents and 
the slide. Then a few drops of fresh absolute alcohol were flowed quickly 
over the slide. The absolute alcohol was replaced by clove oil, the clove 
oil by xylol, and the mount then finished in balsam. The whole staining 
and finishing process consumed only a few minutes and the results were 
far superior to any obtained by following schedules calling for longer 
staining. The success of the method depends on having good material 
properly fixed, embedded, and sectioned, and on the use of fresh rea- 
gents. The saving in time and the excellence of the finished slides more 
than make up for the possible excess use of the more expensive alcohols 
and oils. 

The method of using the iron-alum hematoxylin was also shortened by 
cutting the time in the mordant by from 10 to 30 minutes, and the time 
in the stain by from 5 to 30 minutes. The results were particularly good 
for the study of the centrosomes and dividing nuclei. It is obvious that 
the shorter methods outlined above have distinct advantages over the 
longer methods generally advocated, provided they yield satisfactory 
finished products. ■ The short method ^ for the use of Flemming’s triple 
stain is recommended to investigators who have had trouble with this 
more or less capricious combination. 

MORPHOLOGY 

INFECTION OF PINE AND EXTERIOR INDICATIONS OF PRESENCE OF P.^RA- 
SITE PREVIOUS TO SPORE FORMATION 

The actual process of the entrance of the sporidial germ tube in infect- 
ing the pine has not been observed, and indeed the determination of the 
actual ix)int of natural infection is an exceedingly difficult problem. 
Practically all infections first become evident by the etiolation or swel- 
ling, or both, of the bark at the node or at some point in the internode. 
The etiolation may be quite marked,' as shown in Plate 48, A, represent- 
ing a recent nodal infection. Internodal infections most often appear to 
originate at the base of a leaf fascicle. A striki ng case of this type of 

j This short methwl. varied slightly accordiinj to the material to be stained, has been very 
used lit the University o( Wiscon.«in. and Columbia University, and the author roak.3 no c 
originaliiv 
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infection is shown in Plate 48, B, a. McCubbin (29) reports that out of 
I >007 pine infections examined 925 originated at the bases of leaf fasci- 
cles, 14 originated in wounds, and 08 were indeterminate. These con- 
clusions controvert the scarcely tenable theory of Marchal (55) that in- 
fection generally takes place through wounds. Obsewations on a large 
number of infections at Kittery Point, Maine, indicate that most infec- 
tions can be classed as either nodal or intemodal However, it should be 
borne in mind that infection probably takes place very often in the bud 
while the nodal and intcrnodal cells are scarcely differentiated. There- 
fore the point at which infection appears to originate after the tissues in 
the bud have elongated may be either nodal or intcrnodal, depending 
entirely on the chance growth of the sporidial germ tube. In discussing 
Peridermium pini Pers., parasitic on Pinus sylvestris b., Hartig (rp) 
states that infections with this rust also originate either at the node or 
the base of the leaf fascicle. 

The swelling and etiolation of the bark noted above are the two 
most prominent indications in early stages after infection of the presence 
of the parasite. The swelling is confined to the, bark alone, the wood 
actually becoming constricted in old infections, and is due to the fact 
that the mycelium of the parasite forces apart the phloem and cortex 
cells of the host. No evidence of any increased division has been ob- 
served in the bark cells, and there seems to be no stimulation toward 
gall formation, such as occurs in other cases— for example, on Pinus 
virginiana Mill, under the attack of Peyidennium cerebrum Peck. In 
the case of the nodal infection in Plate 48, A, it will be noted that there 
is little or no swelling; but, as stated above, both swelling and etiola- 
. tion may occur at the same time. The irregular edge of the etiolated 
area marks fairly definitely the advancing tips of the invading hyphse, 
which generally extend a little beyond the line. 

Other less common external indications of the parasite are bunched 
needles on seedlings or transplants and occasionally on older trees, and 
short adventitious branches w'hich spring from the infected nodes. 
It frequently happens that certain secondary fungus parasites become 
established on the area already attacked by the rust, and suppress 
the latter so completely that spore production is partly or completely 
inhibited. Under these conditions the bark dies and shrinks more 
rapidly than under the attack of the rust alone, and the stem then 
appears to be constrided, more or less irregularly, at the infected part. 
All of these external indications are valuable aids to early recognition 
of Cronartium ribicola. 

The period of incubation, from the time of infection to spore pro- 
duction, varies from one to several years, depending possibly on whete 
the infection takes place in early summer, and therefore under ^ 

conditions for growth before winter, or in early fall, when grout as 
unquestionably, slowed down. The growth of the mycelium in t e ar 
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in some cases seems to vary directly as the succulence of the host. It 
is at this time impossible to determine what part weather conditions 
play, although it seems evident that, once infection has taken place, 
external conditions cause little or no change in the growth of mycelium. 
The time of production 'of secia in the spring varies directly with warm 
and favorable weather conditions. 

mycBcium in pinus strobus 

A brief summary of the main characteristics of the mycelium and the 
relation of the parasite to^ the cells of the cortex and phloem of the 
pine host has already been published (7); however, both subjects will 
bear review in greater detail. No data can be given at this time on the 
manner in which the mycelium enters the host tissue, because the 
youngest stages of infection have not been observed. The course of 
the hyphse is always intercellular (PI. 53), Conditions found at the 
edge of the infected area indicate that the fungus makes its advance 
first in the most recent phloem parenchyma and in the rays. This 
holds true for infections of several years' standing, as well as for those 
which, to judge from the size of the diseased area, could not have been 
more than a year old. The hyphse are relatively large, 3 to 5.5 /i in 
diameter, and are divided by cross walls into cells whiqh vary con- 
siderably in length (Pi. 53). Each cell has a single conspicuous nucleus. 
In transverse and radial sections the hyphae can be traced along the rays 
past the cambium into thexylem (PI. 53). Here they are confined to 
the region of the ray cells, with the exceptions noted below. Because 
of difficulties in cutting transverse sections, which are at right angles 
not only to the V grain" of the phloem but also to the general course 
of the hyphae, such sections are not favorable for study, except in com- 
parison with other sections cut tangentially or radially. In tan- 
gential longitudinal sections of the cortex and phloem the mycelium is 
frequently found in strands, which are especially prominent in the outer 
phloem region. The strands may surround groups of the phloem 
parenchyma. In some cases the older sieve cells appear to be filled 
with hyphae; but careful observation shows that they have been split 
apart and flattened out by the hyphae, which have forced their way 
into the enlarged intercellular space, and thus practically occupied 
the same amount of space that was formerly occupied by the living 
sieve cells. In the rays the hyphae frequently fill the intercellular spaces 
adjacent to the horizontal walls of the ray cells, and haustoria from 
these hyphae penetrate the ray cells. Resin cells are also penetrated 
by haustoria. In the xylem the same general condition.s arc met with 
in respect to the ray cells that are found in the phloem. Short haus- 
toria arising frorq the hyphae in the angles between these ray cells bore 
through the thin avails of the adjacent tracheids and enter tne lumens 
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of the tracheids i for a short distance (PI. 49, C), Such haustoria arc 
naturally limited in development. 

Radial longitudinal sections are more easily cut from bark or \vood 
than transverse or tangential longitudinal sections because radial cuts 
are splitting cuts. Moreover, in radial sections the vertical widths of the 
rays are exposed, and therefore all the infected cells of the rays, with the 
haustoria they contain, as well as the adjacent infected phloem and 
xylem cells , are more readily examined (PI. 53) . The hyphm lying along 
one pbloerh ray frequently are united with similar hyphfe lying along 
adjacent rays by connecting strands. The latter may work their \vay 
between phloem parenchyma or sieve tubes. In the xylem the ray 
hyphae may be connected in the same way by hypha?, which pass from 
one ray to the other in the intercellular spaces between the tracheids. 
Often the edge of the ray is bordered by a hypha lying in the space 
between the outer ends of the marginal cells of the ray and the tracheids 
(PI. 53). In the resin-duct parenchyma and the cells lining the duct all 
the cells are usually penetrated by haustoria (PI. 33). This applies to 
vertical ducts in the wood and bark and to horizontal ducts in fusion with 
rays. 

The general features of the m vcelium such as their more or less uniform 
diameter, with occasional bulges where there is a little extra room in an 
intercellular space, their relatively large size, uninucleate cells, and con- 
stant relations to the host cells of the different tissues, are characteristic 
enough to make the mycelium alone a sufficient basis for the recognition 
of CronariiuM fibicola before any spores are produced. The haustoria 
often the most striking objects in the infected cells, are the most im- 
portant elements of the mycelium from a diagnostic standpoint. The 
haustoria apparently have the power to pierce the cell wall at any point 
(PI. 53). Young haustoria are usually straight (PI. 58, B), constricted 
at the point of passage through the wall, and irregularly bulging inside the 
cell (PI. 53 ; 58, C, D). Their outline soon becomes more or less irregular. 
In the phloem parenchyma the\' do not reach the development found in 
the ray cells, wfficre they coil on a wide spiral or curve at rather sharp 
angles. The curve and the spiral are probably different expressions of 
the same process—that is, the adjustment between the growing haus- 
toriura and the cytoplasm of the host cell. As Sappin-Trouffy { 5 o> 50 
has pointed out, the haustoria of the rusts appear to seek out the nucleus 
of the host cell, and sometimes even entwine it. No such extended 
development has been observed in the case of the hatistoria under dis- 
cussion, but it frequently happens that the host nucleus is dented (PI. 53) 
by the tip of the haustorium. Olive (4O shows that the haustoria of 
Botryorhiza hippocraieae and Olive form botryose masses which 

may almost completely fill the host cell. I n this f ungus the ^^austom 

“uu7pm-bUBTnW. (7^ hau.uba da not the wood «lls. Improved 

technic has shown this statement to be aJi trror. 
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are multinucleate; in C. ribicola they are apparently always uninucleate 
(PI. 53). In the latter fungus no case of more than one cell in a haus- 
torium has been observed by the writer, although as many as three 
tips are not uncommonly seen. It is diflicult to determine whether the 
haustorium is always cut off from the hypha from which it is originated 
and this point will have to be left undecided. 

When properly stained with any of the combinations given on page 623, 
a sheath can be made out at the base of each haustorium (PI. C, D), 
enveloping it for a distance of several microns, as if the haustorium were 
set in a cuplike holder. The sheath really extends all over the hausto- 
rium, but is generally very thin in the middle region. At the tip it is 
as thick or thicker than at the base (Pi. 58, K). In its staining reaction 
the sheath resembles the wall of the host cell. There is at least a possi- 
bility that it is formed by the host cytoplasm in response to the irritation 
or stimulus caused by the presence of the haustorium. Olive {42) states 
that the plasma membrane of the host protoplasm is pushed in by the 
haustorium of Botryorhiza hippocrateae as it invades the host cell. Ap- 
parently the cytoplasm shrinks away from the advancing haustorium in 
some cases, leaving an appreciable space. This phenomenon has not 
been observed in Cronartium ribicola, but it is certain that the plasma 
membrane of the host cell is not broken nor pierced by the haustorium; 
It must be pushed in as the tip of the haustorium grows. The greatest 
points of irritation produced by the haustorium in the host cell would be 
the point in the cell wall through which the haustorium entered and the 
point of contact of the advancing haustorial tip with the host cytoplasm. 
Consequently it might be assumed that the greatest results from the 
irritation would be observed at these two points— namely, at the base 
of the haustorium and at its tip. At these two points the sheath is 
thicker than at others. Possibly the narrow space which must occur 
between the haustorium and the host cytoplasm membrane is the dump- 
ing ground for precipitation products resulting from the irritation. 
These products might constitute the beginning of the sheath whkh 
would gradually increase in thickness as the age of the haustorium in- 
creased. 

The sheath certainly does not come into being at the time the hausto- 
rium penetrates the wall, as Smith (55) has reported for the haustorial 
sheaths of the Erysipheae. It has not been found in connection with 
young haustoria in any case and seems to be an accompaniment of ma- 
turity or old age. The hole in the host cell wall, through which the 
young haustorium passes, is comparatively small (PI. 58, C, D) and at 
first the wall is no thicker at this point than at any other. Whatever 
thickening takes place at the point of penetration occurs after the hausto- 
rium has entered the cell. ■ t a 

The young haustorium is full of cytoplasm, with a typical roun 
nucleus (PI. 58, B). As the wall of the haustorium, which is at first 
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quite thin, thickens and the sheath develops, the cytoplasm becomes 
vacuolate (PI. 58, C, D, E), and the nucleus loses its normal structure, 
condensing into a shrunken deeply staining mass. In such a state the 
haustorium can not function efficiently as an absorbent organ. At any 
rate the host cell and its nucleus do not show much evidence that the 
parasite seriously interferes with the normal cell growth, Even when 
the cells are completely separated by mycelial stands, the host nuclei 
may remain apparently normal in sliape and structure. 

PVCMA 


On any given area of infection the pycnia precede the jecia, by at least 
one growing season. Succeeding generations of pycnia and accia follow 
a more or less definite schedule. The plan of the advance of the fungus 
is illustrated in Plate 54, A. Immediately surrounding the point of in- 
fection the bark may show pycnia and aecia at the same time (PI. 48, B), 
but in such cases the pycnia have either passed maturity or the secia have 
developed abnormally early. After the infection has spread for some 
distance, provided that the tree is not less than several inches in diam- 
eter, the pycnial area is normally always in advance of the secial area. 
The sequence of the etiolated bark, pycnial area, and jecial area is evi- 


dent in Plate 54, A. 

Very young pycnia are difficult to find. They seem to develop rapidly 
when once started, for none have been examined which were mature in 
the center and still young at the periphery, a condition which is com- 
monly met in lEcia and uredinia. The hyphse which contribute to forma- 
tion of the pycnium force their way between the cells of the outer cortex 
in a direction at right angles to the outer surface of the bark (Pi. 49, B, a). 


They are aggregated between the outennost cortex cells and the periderm, 
forming a layer of pseudoparenchyma two to four cells thick (Pi. 49, 
B, 6). From this layer arises a series of short branching trunks (Pi, 58, 
A, c). Each of the ultimate branches from these trunks is a long sporo- 
p^re, on the tip of which a number of pycniospores arc formed, one after 
another (PL 49, A, B; 58, A, a, b). Roughly speaking, the pseudo- 
parenchyma makes up one-fourth, the short branching trunks one-fourth, 
and the sporophores one-half of the vertical width of the sorus (Pl.49. B. 
58 A) Pycniospores are produced in large numbers. Mixed with a 
thin sweet gelatinous fluid, they collect between the sporophore tips and 
the periderm layer (PL 49, A) forcing the latter up into the form of a 
shallow blister. ' Finally a small break in the periderm layer allows the 
spores to escape, together with the sweet fluid, in the fonn of a honey- 
colored drop called the pycnial drop (PL 48)- The pyemospores are 
typically pyriform (PL 58, A, 6). measuring when mature 
2.5 by 3,5 Their mode of formation appears to agree closely with that 
of the pyLiospores in other rusts. At the rounded tip of the s^rophom 
a bud is formed which swells until it reaches the size 0 a ma u 



630 


Journal of Agricultural Research voi. xv, no. » 


(Pi. 58, A). After receiving its nucleus the spore is abstricted. No evi« 
dence of a coUar like that figured by Blackman (2) was seen, unless the 
odd constriction of the cytoplasm shown in Plate 58, A, c, can be consid- 
ered as a collar. This phenomenon is quite common. Occasionally long 
hyphal filaments grow some distance out beyond the tips of the sporo- 
phores. The structure of the spores is typical of pycniospores in general. 
They appear to be completely nonfunctional. No attempt was made to 
germinate them. 

The dark areas on the bark which indicate the location of the pycnia 
are designated pycnial spots (PI. 54, A, 6; 48, B). They are honey-yellow 
to brown-yellow at first, but they gradually assume a color like that of 
clotted blood as the pycniospores mature and ooze out, and may finally 
become almost black, hater, when the covering of cork cells sloughs off 
or is eaten off by insects, the drying cells of the host tissue beneath turn a 
typical light pink color. After reaching maturity the pycnium is cut out 
from the host tissue by the formation of a cork cambium and the deposition 
of a cork layer at a depth of four to six cells below the bottom of the 
pseudoparenchyma base of the soms (PI. 50, C, h). It is the exposure of 
this layer which reveals the typical color of newly formed cork cells. 
The pycnial spots, whether young or old, are valuable diagnostic char- 
acters, because they often make possible the detection of infected trees 
before aecia are produced — that is, in time to destroy such trees before 
aeciospores can spread the disease. 

^CIA 

.lEcia appear in April, May, and June. Very often the whole area on 
which aecia (^n normally develop in a given season is covered with closely 
crowded sori pushing their way through widening cracks in the bark. 
By the middle of May the peridia are usually broken and the spores 
escape in orange-yellow pollen-like sho\^ers. Spore production continues 
for some time after the aecia open. Young aecia are easily obtainable at 
the edge of the secial area where their presence is indicated by a thin 
yellow line just beneath the outermost layers of the bark cells. The 
hyphae contributing to the fonnation of the secium are aggregated into a 
mycelium, which is clearly made up of elements running tangentially 
among the host cells at a depth of 6 to 10 cells below the periderm layer. 
By their continued growth these hyphae force the host cells apart, so that 
the latter become isolated and embedded in a matrix of tangled myce- 
lium (Pi. 50, B). This separation may extend to a depth of 15 to 20 cells 
in the cortex. About 6 to 8 cells below the periderm layer a mass of 
pseudoparenchyma is formed by the packing together of the hyph«. In 
the pseudoparenchyma a layer of fertile cells becomes discernible by their 
denser protoplasmic content (Pi 50, A, b; 54, B, fc). 

The fertile cells cut off rows of sterile cells (Pi. 54, B, .^c), 6 tc 12 cells long, 
which may increase in size at first, but which later degenerate to make 
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room for the developing geciospore chains, These sterile cells correspond 
to the buffer cells of Olive (41) and Fromme {14, 75). The cells of the 
fertile layer, which are somewhat larger than those of the vegetative 
mycelium, may fuse in pairs, the fusion beginning in the center of the 
sonis and proceeding ce.ntrifugally toward the ])erlphery, as is normally 
the case in the secium and its analogs. As a result of the fusion and 
union of the cell contents of the contributing cells a large cell is formed, 
the basal cell (Pi. 58, I, J), which will give rise acropetally, by repeated 
division, to the geciospore chain. The fusion seems to be complete as far 
as the cells are concerned, and evidently takes place rapidly, as there is 
only occasional evidence even in very )'oung secia of remaining parts of 
the cell walls which originally separated them (PI. 58, I). The two cells 
are not always at the same stage of development, as one of the cells is 
often shorter or at a lower level than the other (PI. 58, J). However, 
there is little ground for considering the two cells as different in kind. 
The essential process is the cell fusion and consequent association of the 
nuclei to form the dikaryon K 

Fusion of more than two cells also occurs, trinucleate and tetranuclacte 
basal cells being quite common. Ticiospore chains arising from such basal 
cells may contain the same number of nuclei as the basal cells, just as in 
secia of other genera. Trinucleate basal cells are very numerous in young 
sori and at the edge of older ones, but the number of trinucleate aedospore 
chains is considerably less than one would be led to expect from the 
number of the trinucleate basal cells. There is a possibility that the 
extra nucleus frequently degenerates, evidence of this being occasionally 
seen. This point will be discussed briefly later on. Multiple cell fusions 
of a more complex character are also common (Pi. 58, K, L) recalling 
Olive’s (41) and Fromme’s (74) observations. The nuclei and cytoplasm 
of a number of adjacent cells, not only those in the upper row of the fer- 
tile layer but also others considerably below that level, become associated 
in one large irregular cell (Pi. 58, L). What happens to these large cells 
is not dear. The probability that the multiple fusion cells may give 
rise to a number of spore chains is resen cdly suggested here. 


rOBM.^TION 0? PER I DIAL CELLS AND iECIO SPORES 

;he basal cell divides into an upper part, the teciospore ydl, 
and a lower part, potentially equivalent to the pnmary basal ce f . 5 . 
M). Each of the first few cells cut off from the basal cells normally divides 
into two cells of unequal size. The larger cells ‘huyortned adhere « 
less completely into a layer three to five cells thick which constitutes 

> The term "lUluryoQ " is to be pfcletied to thet “h' Suc lemele 

tether use oltheMteroametodesisvitelbeiusioonodeow^ 

BtoeteutKlei by eootets. 

( 3 S. 34) suggestion that dikaryon be substituted or t spofophjte and the Basidiumycetes 

supplying adistiactivc term for the unique coudiliou found itt the rust sporop 
in geueral. 
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the peridium (Pi. 56, B) ; the smaller ones go to pieces. At the periphery of 
the sorus several adjacent basal cells cut off units which never become 
functional seciospores but which always form peridium. The small 
cells between these peridial cells indicate that the potential aecio spore 
initial, although destined to become a peridial cell, regularly divides to 
form two cells homologous to an jeciospore and an intercalary cell (PI, 
56, A). Thus, the multiple -layered peridium of Cronariium ribicola is 
formed in the same general manner as reported by Promme (15) for 
the peridia of other deep-seated aecia. AVhen first formed, the individual 
cells are ^ubsphcrical to elliptical, and smooth-walled. As the sorus 
matures, their walls thicken and their outline changes according to their 
position in the peridium. All tend to become more or less polyhedral. 
The cells at the top of the sorus are usually more rounded than those at 
the sides, since the latter are elongated by the pull exerted on the sides 
as the developing spore cliains force the central part of the peridium out. 
Therefore, the size of the cells varies wddely (18 to 40 by 12 to 42 ju). 
The mature wall is 3 to 9 m thick. The walls of the outermost cells are 
smooth or slightly granular, while the inner cell walls are studded with 
short tubercles which sometimes appear to mesh with those of the adjacent 
cells, perhaps contributing thereby to the strength of the peridium as a 
whole (Pi. 56, B). The cell contents of the peridial cells slowly degen- 
erates until they become empty shells. 

After the cells which form the peridium are abstricted from the basal 
cells, the feciospore initials arc cut oS. Each aeciospore initial cell under- 
goes division into a larger upper cell, the aeciospore, and a smaller lower 
cell, the intercalary cell (PI. 58, W, M, 6, X, Y, c, d). By the repeated 
divisions of the basal cell a row of alternating spores and intercalary 
cells is formed which constitutes the aeciospore chain (PI. 50, B; PI. 58, 
Y). After the division of the aeciospore initial cell, both resulting cells, 
the aeciospore and intercalary ccfl, grow rapidly. The jeciospore reaches 
its normal broadly elliptical shape when about three or four spores dis- 
tant from the basal cell. The intercalary cells elongate, eventually 
becoming mere thin connecting elements between the aeciospores in the 
chain, and finally disintegrate entirely. The spore wall thickens greatly 
when the spore has attained its full size. A thin space in the wall, sug- 
gesting the germ pore of other rust spores, is evident at the point of 
attachment of the jeciospore and the intercalary cell belo^v it (PI. 58, 
Y, Z). This thinner place in the w^all may persist even in the completely 
matured spore. It is comparable to similar phenomena in other rusts 
and does not normally function as a germ pore. The mature spore 
measures 18 to 21 by 20 to 26 The aeciospore wall seems to be made 
up of two parts, an endospore overlain by a somewhat thicker exospore. 
The latter is distinctly characteristic of aeciospores of Peridermiuni spp. 
■n-.-x nn into tubercles or warts, which makes it decid- 
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area is more or less indefinite in extent at k r~^T' ~ 

Verrucose and smooth areas grade one into fh^ 

line which separates them. The smooth area k T ^ irregular 

into blocks which become smaller and smaller untirfr*^ 

size of the tubercles of the verrucose area (PI .g X ^PP’^oach the 

ing theory is reservedly offered. The two walls of the ’ 

when the spore is quite youn? and bofh r f are present 

,p to a certain point or untiUhe 2° J “"T “ 

i outer wall hardens mo" "“"'-I -e, 

quence becomes fissured irregularly as the stiU 

linues to expand under the pressure of the grotving sp'o'r ” o"te'nf‘ xTe 

pZZfZd the l«syth‘rv™cLra".T‘’nm 
area. Experimentally, the smooth area can be com-^ smooth 

area by soaking the spores in water Ifto severl T 
tion does not take place in the meantime, the spore absoX waLfeZrh 
to cause it to increase appreciably in size. The tubercles of the ™rr"u 
cose area become free from their attachment to the inner wall and float' 
around in the vyater. The smooth area, under the expansion preslj 
exerted as the inner wall swells, cracks and fissures Ltil it LoZs 
irregularly verrucose, approaching the conditions found on the norma 
vernmose area of the mature spore. The process of Assuring can be 

'vh St tTn ^ ■ r at least suggests the manner in 

'ihich a t>pe of spore sculpture so oddly irregular could arise 

The spore wall on the smooth area has been heretofore considered to 
e thicker in section than the verrucose area. Examination of complete 
■cctions of the spores shows that this is not alwavs the case. In fact 
t IS only m occasional instances that it holds true. As a rule, there is 
10 appreciable difference m the thickness from the inner edge of the wall 
0 che outer tip of any given ttibercle and the thickness from the inner 
ge of the wall to the outer edge of the smooth area. When dcaUng 
"tti whole spores, refraction phenomena increase the difficulties in 
'asurmg the true thickness of a curving wall of the type presented in 
e smooth area of the arciospore of Cronariium ribicola and may account 
part for the misinterpretation of the actual condition. 


GERMINATION* OF .ECIOSPORES 

^Germination of the aeciospores may .take place rapidly under favorable 
^ Maire (j2) aptly puts it ‘ 7 a germination dcs ecidic- 
!jjg ^ P^^fois tres capriciiaiscZ The work of Spaulding and 

, assistants has shown that spores which would not germinate at all in 
pom cultures, on a water film, or on moist filter paper, either at 

r emperature or in the ice box. or at room temnoratnre aft or rnolinor 
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in the ice box, were perfectly capable of producing infection on species of 
Ribes. These results confirm those of Klebahn (25), who found that 
fjeciospores which would not germinate in water did germinate very 
rapidly on leaves of Ribes spp. and only less rapidly but still abundantly 
on a gelatinous decoction of leaves of Ribes spp. These experiments sug- 
gest the probability that some direct chemo tactic stimulus is exerted 
by the leaves of Ribes spp. on the aeciospores. Klebahn has pointed 
oufe that there is considerable difference between the faculty for germina- 
tion, as determined by artificial cultures, and the faculty for infection 
Spahiding and his assistants have further determined that aeciospores 
frequently germinate — even then only a relatively low percentage of 
fresh spores do so— more readily after cooling in the ice box than at room 
temperature, and that sometimes they have to remain in the ice box to 
secure germination. Too much water is often as inimical to germination 
as too little. A single spore may produce one to several germ tubes 
(PI. 59, A), which attain considerable growth in artificial cultures. 
Where the germ tube passes through the heavy exospore it is constricted 
as shown in Plate 59, B. The tubes branch freely. The protoplasm is 
densest at the advancing tips of the*hyphae. 

INFECTION OF RIBES SPP. AND MYCEUUM IN TlIE LEAF 

Whether the germ tubes have the power to pierce the upper epidermis 
of the leaf of Ribes spp. or must always come to rest in a favorable posi- 
tion on the lower epidermis in order to cause infection is not definitely 
knb'wn. All the evidence gathered from the examination of artificially 
inoculated leaves points to the conclusion that infection occurs normally 
as a result of the germination of the seciospore on the lower surface of the 
leaf and the subsequent passage of the germ tube through a stoma. No 
e\ndence cither of any break in the upper or lower epidermal cells, or of 
the remnants of any hypha passing through them, has been discovered. 
Furthennore, the mycelium is always abundant in the air chambeis 
adjacent to the stomata, even in very yopng infections, and occasional 
remnants of spores ajid hyphae near and in the stomata point to the 
stomata as the avenue of infection. 

The first indication of infection in the leaf of species of Ribes is often 
indicated by the paling of the infected areas. Sections of such areas 
show that the mycelium has spread in the intercellular spaces and air 
chambers of the mesophyll Haustoria (PI. 59, D) enter all types of the 
leaf cells, with the possible exception of the xylem elements of the bundles, 
although they are comparatively rare in the epidermal cells. The cells 
of the mycelium and the haustoria Ire binucleate (PI. 59, C, D). Gener- 
ally there is a much smaller relative amount of mycelium in the leaf 
tissue than among the same number of host cells of the pine. The loose 
structure of the mesophyll allows plenty of room for the hyph« to grow 
without severe crowding of the host cells. In fact, the hyph® are aggn^ 
gated only at the time of production of uredinia or telia. 
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URKDINIA 

The development of the uredinium is illustrated in Plate 51 A B and 
55, A-C, which form a series from the very beginning of the witiou 
of the sorus to its maturity. When the uredinium starts to form the 
fungus cells may be found aggregated in groups in some large air space 
geaierally near a stoma. Certain of the cells in each group become 
onented ^vith their long axis more or less at right angles to the epidermis 
against which they are closely appressed (PI. 55, A). These cells are 
functionally equivalent to the basal cells of the mature sorus, in that 
from them arise the cells which go to make up t he peridiura, and the first 
urediniospores. The first division of any one of the vertically elongated 
cells results in the formation of a cell which adheres to its neighboring 
homologous cells to make the peridiura (PI. 55, B, a). In the second 
division the first urediniospore initial cell, or its equivalent, is cut off. 
This divides immediately to fonn the first urediniospore and stalk cell 
or their equivalents. The position of the cells referred to, as they appear 
in a young uredinium, are illustrated in Plate 55, B, in which a is the 
peridial cell, b the young urediniospore or its horaolog, c the stalk cell 
or its homolog, and d'the basal cell. It will be noted that Ihe arrange- 
ment of the cells suggests that the sonis is made up of a compact aggre- 
gation of vertical rows of cells. This arrangement is temporary for the 
middle region of the sorus, but permanent for the circumference of the 
sorus. Plate 55, B, which represents a median section from a young 
uredinium, can be duplicated by taking sections through the edge of any 
mature sorus. This fact should be kept clearly in mind in any discussion 
of the structure of the uredinium. 

The first urediniospores mature in the midclle of the sorus (Pi. 51, 
B, 6). Their formation and method of growth corresponds closely \rith 
the production of normal stalked urediniospores in other rusts. * To re- 
peat the process suggested above: The basal cell undergoes division 
(Ph 55 p C, c; 59, E-I). The upper cell is the urediniospore initial (PI. 
59 p Ji E); the lower cell is potentially the equivalent of the original basal 
cell The urediniospore initial now divides (Pi. 59, K, L, M) to form a 
larger upper cell, the urediniospore, and a smaller lower cell, the stalk 
c^l (Pi. 51, B, b, c; 55, C, d), AVhile this process is going on, the layer 
of cells constituting the peridium gradually separates from the underly- 
ing urediniospores along the line between the cells marked “a” and 
“i” in Plate 55, A. The figures in Plate 51 , A and B, represent steps in 
the process leading up to conditions shown in Plate 55,0. As the uredinio- 
spores grow', the peridiura (PI 51, A, a;B, a) is forced up into a dome. 
The individual peridial cells lose the regular shape and outline shown in 
Plate 59, B,"a, and become irregularly compressed or obliquely flattened. 
The growing urediniospores develcfp pressure against the epidermal cells, 
which flattens them out and finally causes them to be tom apart (Cf. 
PI 51, A, B, with PI. 55, C). The break in the epidermis frequently 

88096 ^- 19-^2 
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comes at a stoma, sometimes extending from one stoma to another; but 
the break in the peridium, when it finally occurs, is confined more or less 
definitely to the top of the dome. Usually the peridial cells around the 
break are irregularly thickened (Ph 55, C). The orange-yellow uredinio- 
spores work their way out through the opening, sticking more or less 
closely to each other to form a spore crown on the top of the peridium. 
The basal cells continue to cut off urediniospore initials by a process sim- 
ilar to that involved in the fonnation of the primary initials, which has 
been described above. ITie secondary urediniospore initial may be 
formed alongside the base of the stalk of the first-formed urediniospore 
before the latter has reached maturity (PI. 55, C, c; 59, N). The second- 
ary initial then divides to form a urediniospore and stalk cell, in the same 
way as the primary initials. Meanwhile the stalk cell of the primary 
urediniospore elongates, withers, and goes to pieces, While no more 
than two spores have been found in connection with a single basal cell, 
each basal cell must frequently give rise to several spores, to judge froin 
the number produced in a single soms. The size of the mature spore 
(Pi. 59, P) is 10 to 20 by 19 to 45 M- 

The spore-bearing basal cells are confined to the middle part of the 
sorus. In figure C of Plate 55 it will be noted that on either side of the 
group of spores there is a group of parenchyma-like cells (g) made up of 
units which are arranged in more or less vertical rows. The cells of any 
individual row of four cells may be homologized with the cells lettered 
a, 6, c, and d in figure B of Plate 55. This parench3mia-like tissue forms 
an endrcling bank of cells which completely surrounds the mature uredi- 
nium. In this tissue the row arrangement of the cells shown in figure B 
persists, although the cells themselves lose their contents and become 
practically dead by the time the basal cells in the middle of the soms 
are actively forming urediniospores. 

The uredinium seems to be limited more definitely than either the 
pycnium or aecium in Us ability to extend in a centrifugal direction. Its 
extent is predetermined, much more exactly than in the case of the two 
other son, by the amount of massed mycelium from which it arises. 
Both pycnia and aecia originate in tissue which is comparatively full of 
mycelium before they start to develop. In the leaf of species of Ribes 
there is rarely any massing of the hyphae to form the packed mycelium so 
common in the pine host, and the leaf cells are only occasionally dis- 
torted except in the immediate vicinity of the uredinia and telia. 

GERMINATION OF THE UREDINIOSPORES 

Urediniospores exhibit the same irregularity in germinating in arti- 
ficial cultures as do the aeciospores. Even when they are dusted over the 
surface of young, fresh, moistened leaves and placed in a damp chamber 
they may or may not germinate in large numbers. On a water film they 
absorb water and swell considerably. The cytoplasm becomes vacuo- 
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late. The germ tube passes through the exospore without the aid of a 
germ pore, assuming at first the shape of a more or less swollen vesicle 
(Pl. 59, Q). This lengthens rapidly into the young germ tube (PI. 59, 
R), into which pass the contents of the spore. The eiidochrome and 
protoplasm are densest at the tips of the tube and in its branches. Duff 
(12) has shown that change of temperature stimulates the urediniospores 
to germinate and that light, especially ultra-violet light, may completely 
inhibit germination. This action of light may have a direct bearing on 
the apparent failure of the spores to cause infection at long distances 
from their source. All the evidence at hand points to the conclusion 
that the germ tube causes infection by passing through the stomata on the 
lower surface of the leaves. However, -the tube may extend some dis- 
tance over the leaf surface before actually entering a stoma, in such cases 
passing directly over stomata in its path. Urediniospores may retain 
their viability for some weeks. The uredinium is the repeating sorus in 
the life cycle of Cronartium ribicola (fig. i)-, and the spores in succeeding 
generations infect leaves of Ribes spp. until late summer. 

TEUA 


Telial columns arise either from old uredioia or as entirely new and 
separate entities. They appear later than the uredinia and are more 
common in late summer. In the fall they are usually the predominant 
spore generation present. In the greenhouse they are produced through- 
out the year. On a given infected area the columns may occupy the cen- 
tral part where the uredinia were first produced, surrounded by a narrow 
peripheral region bearing the most recently formed uredinia. The 
development of the telial column is the same whether it is from an old 
uredinium or in a new sorus and, as the latter is probably the most 
common occurrence, it will be described. The massing of the h>'Ph 3 e, 
formation of the peridium, and the parenchyma-hke cells which surround 
the spore-bearing part of the sorus, and the orientation of the basal cells 
proceed exactly as in the uredinium. It is impossible to tell veiy young 
uredinia and telia apart. The binucleate basal cdls undergo division 
(PI 59, S, T, U, V, W) in the same manner as in the case of the uredinium, 
but the cdls cu’t off do not divide as in the other sori described Instead 
they lengthen out and become tcliospores. Each basal cell cuts off a 
vertical row of spores (PI. 5^ A, B), the central cells of the sorus pro- 
ducing spores sHghtly ahead of the cells at the penphery, as m the 
^ J and uredinium. As the spore columns lengthen, the pen mm 
is pushed up into a dome (PI, 5., A), which later » 

and goes to pieces. The spores lengaicn and soon reach fuff s ze, at 
abouf which time they become provided with a substantial ^ > 

thickened at the upper end (PI. 57. A, B,C). /he fi«t spo^ c t off 
those at the tip of the column-are more or 

57, A); the other spores are lypicaUy broad spindle-shaped (PI. 52. D, 
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57, B). They usually touch, but do not crowd one another. Adjacent 
to the points where one spore abuts its neighbors there may be com 
siderable space. Cross sections oi the columns (PI. 52, E) show that 
the spores are only very slightly angular as a result of mutual pressure. 
Although they vary widely, normal mature teliospores average approxi- 
mately 16 by 42 lif with a wall about 2 fi thick. They are uninucleate, 
as a result of the fusion of the two nuclei which are normally present 
in the young teliospores. The mature telial column is an aggregation of 
a number of vertical rows of mature teliospores (PI. 52, C). The length 
and diameter of the columns vary greatly ; they may attain a length of 
2 mm. and an average width of approximately 100 They are usually 
curved or semispiraled, a result apparently of unequal development 
of the spores of some of the rows. They vary from almost spherical 
to irregular ovoid or elliptical in cross sections. Occasionally abortive, 
nondeveloped spores are scattered throughout the length of the column 
(PI. 52, C, D). Other abnormalities will be discussed briefly later. 

GERMINATION OF TEU03PORES AND PRODUCTION OF SPORIDIA 

All of the spores in the telial column may germinate m situ (PI. 56, C), 
The exospore pushes out at some point in the form of a rounded papilla, 
which ruptures and allows the extrusion of a sflout germ tube— the 
young basidium or promycelium (PI. 57, D). This reaches its full size 
in a few hours and thent>ecoines divided into five cells (PI. 57, R) 
From each of the four upper cells arises, a stout sterigma, on the tip of 
which the sporidium swells to its full size (PI. 57, S-V) . When abstricted, 
the sporidium is almost exactly spherical, measuring' approximately 8 to 
10 M in diameter. At one point on the thin wall is a tiny papilla-Uke 
swelling, which marks the point of attachment to the sterigma (PI. 57, 
AiV, EE, GG). 

The germ tubes from the spores in the middle of the column work 
their way out through the intersporal spaces and then develop in the 
manner described above. If the teliospores germinate under water, 
the germ tube lengthens out into a narrowly spiraled or twisted hypha; 
in other words, promycelia do not develop unless they have access to the 
air. The color of the gcnninaling column, a very pale pink, gives a 
distinctly characteristic appearance to the fungus at this stage. 

GERMINATION OF SPORIDIA 

The sporidia germinate in artificial culture by sprouting relatively stout 
germ tubes (PI. 57, X, Y, Z, BB) which probably continue growth in the 
normal fashion under favorable environment. In many cases, however, 
the short germ tube swells at its tip on reaching a length of several mi- 
crons and the swelling becomes a secondary sporidium, apparently ex- 
actly similar to the primary one (PI. 57, CC, DD). Sappin-Trouffy (51) 
has figured the same phenomenon for the sporidia of Cronartium fiaccidum 
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Alb. and Schwein. on Peania ofjkinalis. It is apparently a common 
occurrence. Just how the sporidia reach the pine is not known, but it 
may be assumed that they are usually air borne. Infection of the pine 
host follows their germination under favorable circumstances on young 
pine shoots. 


cytology 


' PREVIOUS JN’VHSTIG.M'IOX 

Our knowledge of the cytology of the genus Cronartiuin is very frag- 
raentary; in fact, no reference has been found to the nuclear phenomena 
accompanying the formation of any bark-inhabiting scium of this group. 
Foirault and Raciborskl (44) figure silhouettes of the nuclear fli\ ision, 
as they interpreted it in the formation of the ieciospores of the form known 
to them as Peridermium pmi adcolum} Sappin-Tronffy (57) gives a fair 
diagram of this acicolous type of seciura and the nuclear division at its 
base . His diagram of the telial column of 'Cronariium flaccidum indicates 
the phenomena accompanying the production of teliospores, though the 
figures are too minute to be more than suggestions of the actual condi- 
tions. He regards the processes as closely similar to the nuclear phe- 
nomena in other rusts, in which he is quite correct. Aside from the work 
of these authors, nothing beyond incidental mention of the cytobgv of 
the genus Cronartiuni has come to the writer's attention. 

It is hardly necessary to give an extended resume of the work 01 pre- 
\nous im^estigators on the cytology of the rusts, on account of the excel- 
lent reviews which ha^e been published by Blackman (a), Christman 
(4, 5, 6), Fromme {14, ij), Haire (ja), Guilliermotid {16), and Ramsbot- 
tom (46}. Moreau (yd, jj, yo) revives tlic cider view that there are but 
two chromosomes in the nist nucleus, v.diich hardly .seems tenable, and 
establishes the presence of centrosoines in the resting nuclei (s6). This 
subject will receive furtlicr consideration later. hTomme's (75) recent 
paper on the morphology and cytology of the aeciuiu clears up the matter 
of the formation of the deeper seated suri and establishes the similarity 
of spore formation in the ca?oma and ©ciuni. The life history of a com- 
plete rust is divided into two stages : the gametuphyte, vrith uninucleate 
cells, and the sporophyte, witli binucleate cells. The garaetophyte be- 
gins with the reduction division, or its equivalent, in the promycelium 
and continues up to the fusion of the gamete cells at the base of the seclum, 
which initiates the dikaryon. The spoi ophyte begins with the inception 
of the dikaryon and continues up to the reduction division, or its equiv- 
alent, in the promycelium. The association of the nuclei in the ba.sal 
cells of the lecium is regarded as the equivalent of a true fertilization, 
and the fusion of the two nuclei in the young teliospore as the completion 
of the process necessary for a mixing of the chromatin elements previous 
to reduction (yr). The nuclear divisions are true mitotic divisions, accom- 

' Vuillemin { 62 ) also reports some of the plienomciia iia'ufflpani-ing sciospore lormatiotiinP^r/^rMitwr* 
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panied by centrosomes or their equivalent, true spindles, and chromo- 
somes. The character of the latter is still unsettled. In the dikaryon 
both nuclei divide simultaneously in conjugate division. 

The chief differences of opinion have been in regard to the nature of 
the two cells which fuse to form the basal cells and in regard to the sterile 
cells. Blackman (2) held that the two basal cells were unequal, either 
in size or time of development, and that one, the larger, received the 
nucleus of the other, the smaller, by a process of nuclear migration 
through a comparatively small pore. After Christman’s paper (4) 
announcing the fusion of two equal cells by the complete absorption of 
their appressed walls, Blackman and I^raser (5) investigated a number 
of forms and stated that the dikaryon might arise (a) through the process 
of nuclear migration from one cell to another, as Blackman first re- 
ported, or (b) by a similar nuclear migration from one vegetative cell to 
another below the fertile layer, or (c) by the process described by Christ- 
man. Most of the evidence since brought to view* has supported Christ- 
man’s theory. Olive (41) has pointed out that the manner of fusion is 
not of great importance, inasmuch as the conjugating cells are not 
definitely organized as male and female organs; for the essential result 
of the fusion is the establishment of a dikaryon by the association of two 
nuclei and their accompanying cytoplasm, regardless of their individual 
origin. 

The sterile cells cut off from the fertile cells before fusion have been 
regarded as homologous to the trichogyne of the Florideae (2); as 
buffer cells which protect the developing basal cells below (15, 41); or 
as degenerate female gametes, which once were fertilized by the now 
nonfunctional pycniospores. According to this last theory, advanced 
by Moreau (40), the cells as a group constitute a preaecium (preecide) and 
the individuals preseciospores {preecidiospores), Fromme (75) has shown 
that the number of sterile cells varies considerably in different species 
and suggests that they are formed in response to the general conditions 
of environment under which the particular sorus happens to be devel- 
oped. 

In the following presentation of the cytological details in Cronartium 
ribicola- tht fusion nucleus in the mature teliospore will be taken as the 
starting point, inasmuch as it is the first stage in the nuclear history of the 
gametophyte generation. The nuclear processes accompanying the 
production of the different spore forms can then be described in logical 
cytological sequence and at the same time in chronological order. 

NUCU^AR PHSNOMIiNA IN FORMATION OF PROMYCEUUM AND PRODUC- 
TION OF SPORIDIA 

With the germination of the teliospores the morphological history of 
the gametophyte may be said to begin. Coincident with this germina- 
tion, changes occur in the fusion nucleus. As the promyceliuin reaches 



Dec. 33, 191S 


Parasitism of Crmartium ribicola 


641 


its full size the fusion nucleus, formed by the union of the two nuclei in 
the young teliospore, migrates from the teliosporc into the promycelium 
and starts to divide (Pi 57, E). The membrane becomes irregular and 
disappears (PI 57, F) at the same time that the chromatin granules increase 
in size. These granules become longer and more deeply-staining units, 
which form a‘ tangled mass in the position occupied by the fusion nucleus 
when it moved out into the promycelium (PI 57, G). A definite spindle, 
with centrosomes at the poles, then develops. At the middle of the 
spindle the chromatin tangle becomes af ranged in an equivalent of the 
equatorial plate stage. In the next stages the chromatin is in the form 
of separate units (Pi. 57, H, I), which can be dearly seen under favorable 
conditions and proper differentiation. Plate 57, I, shows 16 such units 
which apparently are equivalent to distinct chromosomes. They sepa- 
rate into two groups, and the elements of the groups migrate along the 
spindle to the corresponding poles (Pi 57,.;, K). Radiations from the 
region of the centrosomes are present, but not easily stained during 
metaphase' (PI 57, I), and quite long and prominent throughout ana- 
phase (PI 57 . K) and at telophase (Pi. 57, E, M). They seem to be due 
to cytoplasmic condensation rather than of the nature of true astral 
_ rays. The two chromatin groups in late anaphase are condensed into 
irregularly lobed masses (Pi 57, L, M) at the ends of a more or less 
curved strand of suspension fibers, recalling Blackman's figure 31, 
Plate 21, (a). The suspension fibers disappear, the daughter nudei 
reorganize around the chromatin groups as centers, anid a wall divides 
the young promycelium into two cells (PI. 57, N). A second division 
follows immediately (Pi 57, 0 , P, Q). The two pairs of granddaughter 
nudei thus formed are then separated by cross walls (PI 57, R), and the 
4-celled promyedium completed. As a rule, the empty basal portion of 
the promycelium is also cut off by a wall, so that the promycelium really 
has five cells, four active and one, the stalk, practically dead. Each 
nudeus is relatively small, with a definite nudeolus and a minute centro- 
some. The contents take the form of a fine granular network. 

From each of the four active cells of the promyedium a stout sterigma 
is protruded (Pi 57, S), on which a single sphericalsporidium is formed 
(PI 57, V). The nucleus of the cell migrates through the sterigma 
(PI. 57, U), taking on an irregular shape during the process, and then 
rounds up into its normal form (Pi 57, AA). The division of this nudeus 
to form a binudeate sporidium (Pi 57, GG) is quite common, and the 
karyokinetic figures are particularly striking. Early and late anaphase 
stages are represented in figures EE and FF, Plate 57. The nuclear 
behavior in the formation of secondary sporidia was not follow^ed. In 
germinating sporidia the nudeus probably migrates into the germ tube 
and there divides, although the figures of this process were indefinite 
and unsatisfactory. Figure BB of Plate 57 illustrates a common con- 
dition which indicates that the nucleus is preparing to divide, at the same 
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time moving toward tlie germ tube. At present no data can be given on 
the young mycelium from the uninucleate or binudeate sporidia, and 
this comparison must remain impractical until the process of sporidial 
germination and infection of the pine can be more closely followed. 

NUCLEAR PHENOMENA IN VEGETATIVE MYCELIUM IN PINUS STROBUS 

The uninucleate mycelium produced in the bark of Pinus sirohus 
following infection by the sporidia has already been described. The 
nuclei are completely organized, vvith a definite nucjeolus, chromatin 
network, and membrane (PI. 57 . HH, II). The chromatin appears to be 
more or less definitely centered on one point on the nuclear membrane 
where the centrosome is located. This condiUon of the arrangement of 
the chromatin elements of the nucleus will be referred to as polarization, 
and will be discussed in connection with its appearance in other stages 
in the cytological cycle. Pew cases of vegetative division have been 
observed in the vegetative cells, but the stages of the process which have 
been seen indicate that there is a typical nist spindle and that Uie divi- 
sion is comparable to the vegetative divisions described by Olive (41). 

nuclear phenomena in pycntum 

The nuclei in the pseudoparenchyma layer from which the short 
branches bearing the pycnial sporophores arise arc quite similar to those 
of the vegetative mycelium in shape, size, and organization, but they are 
colored more int(hisely with hematoxylin and the violet of Flemming’s 
triple stain. The nucleus of the pycnial sporophore is relatively large 
for the size of the sporophore (PI. 58, A). In its resting state the chroma- 
tin is scattered throughout the whole nucleus in minute granules, which 
are rather difficult to stain dearly. Each nucleus has a definite centro- 
some indicated by the local condensation of the chromatin (PI. 58, A, a). 
The pycniospore (Ph 5^, A, J>), which swells to its full size on the tip of 
the “sporophore, deceives one of the daughter nuclei resulting from the 
division of the sporophore nucleus (Pi. 58, A, d). The exact details of 
the process were not definitely followed, on account of the small size of 
the pycniospores and the narrow passage from sporophore to spore. The 
mature subpvriform py:niospore has the typical structure of correspond- 
ing forms in other genera of the rusts. A relatively large nucleus is sur- 
rounded by a small amount of cytoplasm (Pi. 58, A, b). 

nuclear phenomena in iECIUM 

In the layer of fertile cells and in the mycelium below this layer the 
nuclei are somewhat larger (PI. 58. H) and more readily stainable than 
those of the deeper vegetative mycelium (PI. 57, HH). All the nucei 
in this region of the layer and below it exhibit the phenomena of polanra- 
tion, although the fact may not be evident unless the profile view can be 
seen.* The’same condition persists in all other nuclei in or near the van- 
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ous son. Above the fertile layer a series of cells, the sterile cells 
(Pi. 58, G), arranged in more or less definite vertical rows, are cut off 
(Cf. Pi. 54. B, sc). Fromme {14) finds that the sterile cells in Melamp- 
sora Uni (DC.) Tul. arise from the division of the first sterile cells; 
Moreau (40) states that in Phragmidmm subcortkium they are formed by 
the division of the cells in the fertile layers. In Cromrtium ribicola they 
seem to arise from the cells of the fertile layer (PI. 58, F), but there is 
some evidence that the sterile cells themselves also divide occasionally. 
Kach row contains from 6 to 12 cells, whose contents degenerate as the 
aeciospores mature. The pressure of the peridium and the lengthening 
seciospore chains flatten the whole tissue of sterile cells against the 
overlying cortex cells. 


CELL FUSION' TO FORM BAS. 4 I, CEM.S 


Fusion normally occurs between two adjacent cells of the fertile layer, 
which may or may not be at the same level (PI. 58, I, J). The walls 
between the fusing cells appear to dissolve, leaving one large cell where 
there had been two. The basal cell thus formed is the initial cell of 
the dikaryon. The nuclei are comparatively large (cf. fig. G and I, 
PI. 58). They exhibit the polarization phenomena referred to above, 
but their content is less easily stainable than in the vegetative nuclei 
below the fertile layer (cf. fig. H and I, PI 58), for at times the space 
between the nucleolus and the membrane seems almost empty (PI. 5S, 
y, a). When tlie nuclei are located in dense cytoplasm toward the 
upper end of the basal cell, the lower end may be occupied by one or more 
large vacuoles (Pi. 58, Q). When fusion of more than rivo lx 41 s occurs, 
the nuclei usually are more irregularly placed (Pi. 58, K, T). The nuclei 
in these compound basal cells and in the multiple fusion cells are similar 
to those in the normal binucleatc cell. 


THE CONJL'GATK UIVISIOX IS THE B.\S.UL CEEES 

The division of one of tlie nuclei of tli«hasal cell vcill be described, it 
beins understood that the companion nucleus undergoes the same 
changes at the same time; that is, that the division process is a conjugate 
division typical of the rusts. On the nuclear mernhrane is a body rvluch 
stains deeply with hematoxylin-tlic centrosome (PI. 58. D- It®® 
most cases there run strands of chromatin rvhich are more dense than the 

otherchromalinclementsofthenuclens. The nucleus mcreas^msrae^nd 

the membrane bulges, except at the points uhere 

touch it (PI 58, Y, a). At this stage the membrane becomes .er) thin 

L then di cars, fading first on the side away from the c— 

(PI. s 8 ,M,a.). Mcanwlule the chromatin elements group ^ ^ 

one side of the nucleolus. Fine suspensors appear 

some and tlie condensing chromatin mass, n « with 

M, a, the centrosome appears to have divided m o u • 
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the disapp entrance of the nuclear membrane the nucleolus is cast out 
(PI. 58, N), after which it migrates off to some distance from the chromatin 
mass. A true spindle is then formed at the two ends of which are located 
the centrosomes (PI. 58, 0 , P). The original centrosome was notseen to 
divide, but the conformation of the spindle in. some early stages suggests 
the division of the centrosome to form two, which move apart and 
become oriented as the opposite poles of the spindle. The chromatin 
now appears in deeply stained sections as a convoluted dark mass at the 
middle of the spindle (PI. 58, O). With better differentiation this mass 
resolves itself into a jumble of more or less rounded units, the chromo- 
somes (PI. 58, P). This stage corresponds to the equatorial plate stage 
of the metaphase. The chromosomes are now seen to separate and move 
toward the poles (PI. 58, QS); they seem to flow along the outer surface 
of the spindle rather than to be drawn definitely apart by attraction 
fibers. Unless very carefully differentiated, the chromatin at this stage 
may appear to be a single knotted thread reaching from pole to pole. 
The chromosomes, however, do not fuse into one mass, but, as can be 
seen in favorable preparations, remain as separate units (PI. 58, R). As 
they approach the poles the chromosomes apparently arrange themselves 
into two groups (PI. 58, T) for each pole. The division of the centro- 
somes before the daughter nuclei are reorganized may explain the locus 
of the two groups, as suggested by Olive (41). At this late stage of 
anaphase the whole figure may resemble the silhouette dumbbell figures 
by earlier investigators of the subject. The two groups at each pole now 
become condensed to two deeply staining masses (PI. 58, U). Fibrous 
connections between the daughter groups may still remain visible. The 
cast-out nucleolus has persisted in the cytoplasm up to this time, slowly 
becoming less dense and often decreasing in size, while the process 
described above has been taking place, but as the last spindle fibers 
disappear and the daughter nuclei begin to become reorganized it fades 
away, completely absorbed by the cytoplasm. The companion nucleus 
of the dikaryon, having divide^ simultaneously with the one described, 
has by this time given rise to two other daughter nuclei. The four reor- 
ganizing nuclei now move apart, two and two, the sister nuclei separating 
and moving in opposite directions. A wall now forms (PI. 58, V, a), 
separating the upper pair from the lower, forming the seciospore initial 
and, below it, a new basal cell (PI. 58, M), potentially equivalent to the 
primal^ basal cell. 

STEPS IN FORMATION OP ^CIOSPORR CHAIN 

Division of the dikaryon in the seciospore initial follows the same 
process as that in the basal cell (Pi. 58, W, M, 6, X). The wall which 
forms between the two pairs of nuclei divides the original initial cell into 
two parts, an upper cell which is the aeciospore and a lower, which is the 
intercalary cell (Pi. 58, Y, d, c). Repeated division of the basal cell and 
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seciospore initials gives rise to a row of alternating aeciospores and intercalarv 
cells (Pl. 58, Y), as has been stated in the description of aciospore forma- 
tion elsewhere in this paper. The nuclei of the aeciospores soon become 
completely reorganized (PI 59, AA) and typical of the dikaryoii in all its 
stages, but the nuclei of the intercalary cells slowly degenerate and dis- 
appear. A centrosome, the center for the polarization phenomena pre- 
viously mentioned, be differentiated by proper staining on the rnen- 
brane of each nucleus. 


NUCLEAR PHENOMENA IN URCDINIUM 


The mycelium in leaves of species of Ribes has already been described. 
The nuclei at this stage of the dikaryon are only slightly less in diameter 
than that of the hyphae, and they are therefore somewhat separated — 
not side by side as in the elements of the aeclospore diain (PI. 59, C). 
They do approach each other in the larger cells at the base of the urediniura 
and undergo conjugate division by a process apparently identical (Pl. 59, 
g-I) to that described for the basal cell and aecispore initial of the aecium. 
The same holds true for the division in the urediniospore initial (Pl. 59, 
J-M, N, b). The wall formed between the two pairs of daughter nuclei 
divides the initial into an upper, larger cell, the young urediniospore, and 
a lower, smaller cell, the young stalk cell, which rapidly elongates. The 
nuclei in the spore become organized similarly to those of the aeciospore 
(PI. 58, AA), while the stalk nuclei slowly degenerate (Pl. 59, N). The 
second and subsequent conjugate divisions in tlie basal cell (PL 59, 0 ) are 
similar to the primary division, but the nuclei often are not so definitely 
placed side by side, an irregularity probably due to the tendency of the 
cytoplasm flowing into the second urediniospore initial to pull one of the 
nuclei along with it. As a rule, both in the basal cell of the aecial chain 
and in the basal cell of the uredinium at the time of the primary division, 
the nuclei, though they may commence to di\ride when located at different 
levels in the cell, become arranged side by side at metaph^e. In the 
second division of the urediniospore basal cell this orientation may not 
take place, so that at telephase one of the daughter nuclei may be well 
up in the new urediniospore initial and its compamon just passing into it; 
but on reorganization after the initial is cut off from the basal cell the 
two nuclei take a position side by side in the typical manner. _ Their 
division and the subsequent cutting off of the stalk cell by a wall pve nse 
to a second urediniospore. This process may be repeated several times 
for the basal cell seems to retain its powers of division until the sorus 

dries up. 

nuclear phenomena in TELll'M . 

The telia are borne on the same mycelium that gives rise 
By an exactly similar process of conjugate 

is cut off from the basal cell of one of the telial unit columns, but this 
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cell does not divide again, being in itself the young teliospore (PI. 59, X). 
The two nuclei appear to become fully reorganized (Pi. 59, Y). They 
thetx fuse immediately to produce the single large nucleus of the mature 
teliospore, during which process the nuclear membranes are absorbed at the 
points of contact, so that the nuclear contents are free to mix (PI. 59, Z). 
The fusing contents round up and become surrounded by the reorganizing 
membrane. In Plate 59, Z, the two centrosomes and the two nucleoli are 
still visible. The process of the fusion of tiie latter was not observed. 
The fusion nucleus increases in size in a remarkable manner immediately 
after the union of the tw'o contributing nuclei ; and the enlargement may 
continue until the volume of the fusion nucleus is as much as four bmes 
the combined volumes of the two contributing nuclei. Its diameter at 
the time of .maximui^ enlargement nearly equals the diameter of the 
teliospore. The chromatin at this stage stains very heavily and appears 
to be condensed into a heavy irregular spireme-like structure, in which 
the individual strands are frequently knotted (Pi. 59, AA). Holden and 
Harper {21), in discussing the fusion nucleus in the teliospore of Coleo- 
sporium sonchi-arvensis Lev. (C. solidaginis (Schw.) Thum. ?), present 
evidence that the heavy skein breaks up into long pieces, which later split 
longitudinally into finer threadlike units. In Croimrtium rihkola there 
certainly occurs a marked reduction in the thickness of the chromatin 
tlircads, but no process which could be interpreted as actual splitting was 
clearly seen. As the chromatin becomes more finely draw-n it contracts 
into a more compact tangle, the nucleus shrinking meanwhile (PI. 59, BB), 
and finally splits into granules (Pi. 59, CC). Ihe nucleus at this stage is 
ncarlv spherical; the nucleolus is rather small, and is generally located 
near the membrane. The ceiitrosome could not be differentiated in the 
fusion nucleus with any stain. vSo far as could be determined by careful 
examination, ;t does not reappear until tlie primary division in the 
proinycelium and in the resting nuclei of the pro mycelium. 

DISCUSSION' OF C^OLOGIC.\U PHIvXOMRNA 

The nuclear phenomena accompanying cell fusion and spore produc- 
tion in Cronartium ribicola clearly confirm the views generally held in 
regard to rust cytology. Fusion of the gamete cells in pairs in the bark- 
inhabitating aecium parallels closely similar phenomena in other types of 
*cia and analogous sori, while multicellular fusion is perhaps much more 
common than in other forms investigated. Fromme {14) has called 
attention to triple-cell fusions and the fact that cells below the fertile 
layer often contribute to the niultinucleate fusion cells of Mdampsora 
lint. The behavior of the fusion cells in C. ribicola shows that cells below 
those of the fertile layer are potential gametes. It is quite certain that 
the multiple fusions observed are regular occurrences in lecia of all sizes 
and shapes, whether on roots or stems. Dittschlag (ji) a<nd Hoffman 
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(i^o) both figure two aciospore chains rising from a large basal cell in 
Puccinia falcari(B and Endophyllum sempervivi, respectively, and there is 
some evidence that aeciospore chains often arise in like manner iu (' 
ribicola. It is hardly possible, however, to compare the multiple fusion 
cells to the central placental cells reported by Richards (49), Inasmuch 
as the elements of the teciospore chains are generally binucleate, the 
number of polynucleate spores being relatively small, it must be con- 
cluded that either the extra nuclei so common in tbe basal cells degen- 
erate or the complex basal cell gives off more than one binucleate spore 
chain. 

The constant similarity in the process of congugate division in the 
basal cells of the secium, uredinium, and telium suggests a definite stabil- 
ity of the nuclei of the dikaryon throughout its existence. The presence 0 f 
the centrosome in the resting and dividing nuclei adds confirmation to 
the reports of this stnicture in rust nucljsi as given by other writers. 
While it is impossible to make a definite statement from actual obser\’a- 
tion of the process, it seems perfectly evident that the centrosomes at 
each pole may divide, thus forming two loci for the chromatin groups 
approaching the poles— cf. Olive’s figures 5, a, and 10, Plate 22 (4/). 
The theory that these two groups of chromatin represent h\'o simple 
chromosomes, the interpretation of the phenomenon apparently accepted 
by i\Inie. Moreau, does not appear tenable, unless it is assumed that these 
chromosomes are compound and tliat they break up into their com- 
ponents at metaphase and reunite at telophase. The obser\nations of 
Holden and Harper (ar), Blackman (a), Christman (4), and Olive {41) 
and the evidence presented in this paper establish the presence of 
more than tw^o chromosomes or chromosome equivalents, possibly eight 
being the haploid number. Moreau’s (37) figures indicate that her 
preparations ^vere apparently not sufficiently differentiated to show all 
the details in the chromatin masses. 

The polarization of the nuclei, so evident in nearly all of the resting 
stages, recalls the condition illustrated in Olive's figure 8, Plate 22 (41). 
The arrangement of the chromatin with a point on the membrane as a 
locus for the convergence of the strands is not due to fixation; for it is a 
constant phenomenon in nuclei killed ana fixed under different condi- 
tions and with different reagents. The centrosome is apparently the 
center of attraction. Harper (iS) has conclusively demonstjated 
similar phenomena in the Erysipheae. He has also called attention 
to the fact that the nuclei of these ascomycetes exhibit a definite regu- 
larity and stability with reference to the arrangement of the chromatin 
strands and the polarization throughout the cytological chajiges nhich 
he observed. He believes the chromosomes retain their individuality 
to a marked degree in all the nuclear processes. The observations on 
the nuclear structure in Cronurtium ribkola herein presented suggests that 
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perhaps the conditions in the rust nucleus approach more nearly than has 
been supposed the conditions in the Ascomycetes and other fungi. 
The process of nuclear fusion in the young teliospore is comparable 
to the same process in other rusts. It seems reasonable to conclude 
that this fusion is the completion of the process, initiated at the time 
of cell fusion to form the dikaryon, which takes the place of normal 
fertilization, and that the actual fusing is a necessary preliminary to 
the mixing of the chromatin elements and the subsequent reduction 
division, as suggested by Maire (jz) and others. Certainly the changes 
which take place in the nucleus after fusion suggest a complicated 
mingling and readjustment of the chromatin which would seem to justify 
such a view. It is not necessary to regard the fusion as a pseudo fer- 
tilization (zo). There appears to be little reason for doubting that the 
first division in the promycelium is heterotypical (j 5 ),for it is unique and 
decidedly different from the second division which immediately follows. 
Amaud (z) has compared the mitotic figures in Capnodium meridwnale 
with those in Coleosporium seTiecionis. Wager's figure 84, Plate 19 (dj), 
of the telophase in the dividing fusion nucleus in the sporangium of 
Polypkagus euglenae is very like similar stages in the primary division in 
the promycelium of Cronartium ribicola. It may be noted that the asso- 
ciation of the nuclei in P. euglenae and their subsequent fusion in the 
sporangium are phenomena comparable to the nuclear conditions in the 
rust dikaryon and fusion in the teliospore. 

ABNORMAUTIES 

Before coming to the general discussion and summary it is necessary 
to mention briefly certain abnormalities commonly met in the different 
types of sori. .^da sometimes occur with reversed polarity in part 
of the sorus, where the spores are produced on aedal chains which grow 
toward the center of the tree, usually into a resin duct. This change 
in the direction of growth is probably to be explained by the fact that 
the developing chains followed the line of least resistance, in this case 
into the adjacent resin duct, instead of against the overlying host cells. 
.(Eda also oft^n develop on the roots, under several inches of leaves and 
loam. Their structure appears to be normal, but their environment 
is hardly advantageous. Double pycnial layers (PI. 50, C, a, a J are 
not uncommon. In a short note, Posey, Gravatt, and Colley (45) have 
reported the finding of uredmia on the stems of Ribes hiriellum Michx. 
In the cortex of infected stems of this species internal uredinia (PI. 
51, C) with normal arid reversed polarity were formed in abundance. 
Internal telia, produced in the pith and cortex of the petioles of Ribes 
sp.,‘ have been described m a previous paper (^). In such abnormal 

' rotdi was the name given in the original article, but the species deteimitiation was probably 
incorrect. ■ As the species has not fruited, accurate determination has been impossible. 
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»ri typical column development is sometimes compi^y'^„,,ibncd 
by the pressure of the surrounding host tissue. All internal soil are to 
be .regarded as temtological phenomena of no special morphojical 
st^ificance. Uredima and telia on the petiole are common; occasion- 
ally they develop on the upper surfaces of infected leaves. 


GENERAl, DISCUSSION 

^ The writer’s observations on the mycelium of Cromrlium nbkoh 
in the bark of Pxnus sirohus confirm the conclusions of Klebahn (2O 
in regard to the course of the hyphas of the parasite and add consider- 
able new data on the inter relations of the host and parasite cells 
Hartig’s paper {19) on Periderntium pmi and Wolff’s article {64) on the 
same fungus, which appeared shortly after Hartig’s and in some places 
is almost a direct copy of Hartig, are the only papers which have come 
to the writer’s attention which describe and illustrate the mon^hology 
and parasitic relations of a bark-inhabiting rust and its pine host. 
Hartig believes that the swelling of the bark of the host is due to the fact 
that the cortex and phloem cells are forced apart by the abundant 
intercellular mycelium of the parasite. This has been shown to be the 
case with the hypertrophy produced by C. ribicola in the bark of P. 
strobus. Observations on the bark of P. parvifiora Sieb. and Zucc. 
infected with the same fungus show that the swelling is produced in 
the same way as it is in P. strobus. The same statement holds true for 
the swelling caused by C. compUmiae Arth. in the bark of P. sylvestris 
T., and P. ponderosa Laws. Neither C. ribicola nor C. compUmiae arc 
gall-forming rusts. Their mycelium is confined almost entirely to the 
region of the cortex and phloem cells of their pine hosts, although the 
hyphse do enter the wood along the rays, as Tubeuf (j8) has reported 
for Peridermium pini, and occasionally work their way in between 
tracheids. These hyphae have been traced in the case of C. ribicola 
to a depth of three annual rings, counting in from the cambium. In 
all probability it will be found that the mycelium may be found in the 
ray cells of the annual ting laid down at about the time infection took 
place, although it may not remain active aftet the ray cells die. While 
the presence of the hyphae in a given annual ring may not mean that 
the pine was infected during the year this annual ring was laid dowm, 
because there must be some growth along the ray cells toward the center 
of the tree, it will establish roughly the date of infection. The simi- 
larity which evidently exists between the morphology and method of 
parasitism of C. ribicola and C. compioniae suggests that a close agree- 
ment will probably be found among all non-gall-fonning caulicolous 
Peridennia. 

The actual injury to the pine host cells from the irritation caused by 
the invading mycelium is apparently very slight. The cells pierced by 
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haustoria continue to remain alive and apparently active in spite of 
haustoria. As has been pointed out above, these haustoria become 
invested with a sheath which may render them very ineffective absorb- 
ing organs, in which case they might become simple mechanical irritants 
in the cell content, no more detrimental to cell activity than crystals. 
The denting of the host nucleus by the tips of the haustoria does not 
seem to injure the nucleus except to alter its shape. There is no evi- 
dence of increased cell division reported by Reynolds {4S) for many 
plants as a direct result of a parasite's action, or of nuclear migrations 
like those figured by Schurhoff (52). Storage starch is usually present 
in excess, but this phenomenon has been shown by Hals ted (ry) to be 
a general condition in and around area^ infected with fungus parasites. 
This starch is not completely used up by the fungus, for many grains re- 
main in the old dead cells after the cells are completely dried out. The 
cells just beneath the pycnial layer and in the region of the young aecium 
(PI. 52, B) contain normal grains as well as decomposition products. 
Excess starch production is probably due to a lack of balance in the 
physiological processes in the host tells, and the fungus may, of course, 
contribute to the unbalancing ; but other environmental factors which 
are little understood result in excess starch production in trees which 
appear to be perfectly normal in other respects. 

The wood laid down in the annual rings under infected bark is much 
less# than in healthy frees, but the tracheids are apparently noniial in 
everything except number. The presence of the hyphae in the tracheids 
has no appreciable influence on their form; neither are the characters 
of the ray cells perceptibly changed: 

Cronariium rihicola may be the primary cause of the death of a 
young tree. However, tlie swelling of the bark is not in itself a seri- 
ous hindrance to conduction in the phloem. The actual severe 
injury occurs when the aecia form and burst through the outer bark; 
for the aecial cracks thus formed allow the inner bark cells to dry out 
and die. This results in the breaking of resin canals and the consequent 
exudation of resin in large quantities. The girdling of the tree is due 
to these two causes working together — namely, the cracking and drying 
of the bark, and the impregnation of the whole cortex and phloem in 
the cracked area with resin. Complete stoppage of the conducting 
elements of the phloem results. Seedlings and young trees may suc- 
cumb to the attack of the fungus almost as soon as the first secia appear; 
but with older trees death is sometimes delayed for a number of years. 
It depends, of course, on how complete a girdle has been effected. The 
part played by secondary fungi acting in conjunction with C. ribicola 
to make a girdle complete is very important. It will be recognized at 
once that the cracking of the bark at the time the aecia are formed is a 
source of danger to the trees not only by exposing the inner bark cells 
to the air, but also by providing an avenue of entrance for secondary 
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parasitic fungi, or saprophytic fungi, and insects, which hasten the 
decomposition of the weakened susceptible tissue. These secondary 
fungi may also gain entrance through the pycnial spots. Rathay (47) 
has shown that the pycnia of many rusts are visited by insects, appar- 
ently attracted by the sweet drops. Both pycnia and aecia in C. ribicola 
may be eaten out by various insects, and unquestionably these insects 
bear on their bodies or legs viable spores of fungi capable of growing 
in the bark tissue. In many instances these fungi are so rapid in their 
growth that they overrun the infected area and completely suppress the 
rust, so that it never forms aecia. In such cases, the bark shrinks and 
the infected stem is actually constricted, and the girdle thus formed is 
often more quickly effective than in the cases where rust works alone. 

In leaves of Ribes spp. the mycelium sometimes causes the death of 
isolated infected spots; but in other cases the hyphse penetrate to all 
parts of the tissue without causing death of the cells, and witliout pro- 
ducing hypertrophy. The large spaces among the mesopbyll cells and 
the fact that the hyphae rarely form solid mycelial masses in leaves of 
Ribes spp. probably help to explain tlie lack of hypertrophy and destnic- 
tive effect. When defoliation occurs during the course of severe epi- 
demics of the rust, there is, of course, a consequent poor crop of berries. 
The variation in the effect of the parasite on the different species of 
Ribes is a subject which must have separate treatment and therefore 
can not be considered fully at this time. 

It will probably be found on further investigation that a close agree- 
ment exists among caulicolous Peridermia with respect to the structure 
of the pycnium. The external appearance of the pycriiuin, or of the 
thin layer of tissue overlying it , will, howe^-er, be found to vary accorditig 
to the outer bark texture of the host. In the case of Finns pqnifiora 
the exterior appearance of the pycnium is almost identical with the 
pycnium of P. strobus. The value of the pycnial spots as diagnostic 
characters has been briefly outlined in an earlier short note {9), and re- 
ferred to above in connection with the discussion of the formation of the 
pycnium and pycniospores. Hartig (79, 1 of. 4 > ^ 9 - 7 > 
first observers to call atlentioii to the pycnial spots on the bark of P. 
strobus, although he at that time thought the fungus on this pine was 
identical with Pcridermiwn pini. Wolff (64) copied the same figure in 
his paper on the latter fungus. Kirchner and Boltshauser {22) in Plate 
15 of their atlas show wliat are evidently three pycnial spots, but they 
do not definitely refer to them in their description of the figures. The 
abiUty to recognize the^iycnial spots of Cronariium nbicola is almost 
absolutely essential in the field study of control methods. 

The description of the formation of the aeciuiii given above emphasizes 
the remarkable agreement which exists in the fundamental processes 
involved in the production of leciospores in the rusts. - c guies 
Hartig (ig), Wolff {64], and Sappin-Trouffy fy. 65) on the semm 0 
gsoge*"— 10 — 3 
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Peridermium pini are not complete nor detailed enough to enable one 
to compare directly the structure of the acicolous and caulicolous aecia 
with the structure of the aecium of Cronartium ribicola. It is evident, 
however, that the leaf and stem types are quite similar. Study of the 
expansive aecia of C. occidentale Hedge., Bethel, and Hunt may reveal 
some interesting morphological variations. 

The details given for the formation of the multilayered peridiuta are 
apparently the first published record of the origin of this structure. 
Emphasis should perhaps also be placed on the constant and normal 
occurrence of multinuclcate cells at the base of the secium, a phenomenon 
which has been discussed elsewhere, by suggesting that in deep-seated 
aecia of caulicolous Peridermia the aeciospore chains may be found to 
arise more often from these placenta-like cells than from basal cells 
arising as a result of the fusion of only two cells in the fertile layer. 
Although recent investigators — for example, Kurssanow (27) — have con- 
firmed the results of Christman (4) and other writers with regard to the 
origin of the basal cell as a result of the fusion of two adjacent fertile 
cells, it yet remains a question whether this method is constant or 
whether certain variations in the formation of the basal cells are to be 
expected in deep-seated aecia. 

Ludwig and Rees {28) in a recent article report some details of the 
structure of the uredinium of Pucciniasirum agrimoniae (Schw.) Tranz. 
Their figure would serve very well for a figure of the young uredinium of 
Cronartium ribicola (cf. PI. 55, B), In the description of the uredinium of 
the latter it has been shown that the peridium is formed by the coales- 
cence of cells which are cut off from certain cells that are analagous to 
the basal cells of the sorus. These cells also cut off urediniospore initials 
which then divide into urediniospores and stalk cells. In the young 
sorus these four cells— that is, the basal cell, the stalk cell, the uredinio- 
spore, and the peridial cell — form what looks like a chain of cells. As the 
spores. and their stalks mature, the row arrangement is lost in the middle 
of the sorus, but persists at the circumference. This fact places the con- 
clusion of Ludwig and Rees that the urediniospores of P, agrimmias are 
borne in chains, under suspicion. Personal investigation by the writer 
into the structure of the uredinium in this species of Pucciniastrum shows 
that the method of formation of the urediniospores in P. agrimonios and 
in C. ribicola is practically identical, and that therefore the spores in the 
uredinium of the former are not borne in chains but on stalks. In the 
case of P. agrimoniae the stalks are sometimes quite short and the basal 
cells from which they arise are much less conspicuous than they are in C. 
ribicolay but these differences are not important as far as the method of 
spore formation is concerned. The encircling bank of parenchyma-like 
cells surrounding the uredinium in C. ribicola is not found in P. agri- 
moniae. It is difficult to interpret Magnus’s (jo) figures of the uredinia 
of the Pucciniastrum group as to the exact morphology of the cells from 
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which the urediniospores arise, but his description of the manner in which 
the urediniospores in Pucciniastrum are borne is correct. Fischer’s (jj) 
figure of the uredinial peridiuni of C\ ascelpiadeum (Willd.) Fr. evidently 
represents the same type of peridium as is present in the uredinium of C, 
ribicola. The peridial cells surrounding the break in the top of the peri- 
dium in the latter fungus are thickened irregularly, but they do not often 
appear as conspicuous as the large cells figured by Fischer (/ j) in the case 
of the uredinial peridium in species of Pucciniastrum or by Ludwig and 
Rees {2S) for P. agrimoniae. 

In the discussion of the telium it has been shown that it originates in a 
way which makes it impossible to tell the young telium from the voung 
uredinium. Under these circumstances it is most natural that a peridium 
should be found over the telium, as in the case of the young uredinium. 
The same holds true for the parenchyma-like bank of cells which encircle 
the base of the column. Both the peridium and the bank of encircling 
cells come into being before the sorus becomes differentiated into either 
uredinium or telium. With these facts clearly in view it may be reasona- 
bly safe to predict that a telial peridium, a structure which has apparently 
not been reported previously, will be found to be present in other species 
of the genus Cronartium. The manner of the germination of the telio- 
spores, previously discussed, adds to oiir knowledge of the morphology 
and behavior of tlie spores in the telial column, at the same time confirm- 
ing the observations of Tulasne {61) and Sappin-Trouffy (5/) on other 
species. 

This paper is offered as a contribution to our knowledge oi the para- 
sitism, morphology, and cytology of the rusts, and especially of the genus 
Cronartium. It is hoped that the data presented may prove valuable in 
stimulating further research on the interrelations of rust parasites and 
their hosts, which will, of course, involve more accurate study of the anat- 
omy of the hosts and the modifications in the normal structure of the 
host tissues under the action of the parasites. The need for a compara- 
tive paper on the haustoria of the rusts scarcely requires emphasis. 
It will be interesting to compare the results of investigations on the cytol- 
ogy of other deep seated cauUcolous secia with those herein presented, 
especially with reference to the process of the formation of basal cells, 
the phenomena of polarization of the nuclei, and the centrosomes and 
chromosomes. 

vSUM.MARY 


(1) In the foregoing paper hitherto unpublished data on the mor- 
phology and cytology of CroiMrlium nbKoIa Fisclra and the inter 
relations of the parasite and its hosts, Pinm strohus and Rihes spp,, are 
presented and fully illustrated. 

(2) The mycelium is more abundant m the I vim .rliwre. to 
species of Ribes. In the former the hyp® force the cortex and phloem 
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cells apart and thus cause the swelling of the infected bark; in the latter 
there is rarely any marked aggregation of the byphae, except in the case 
of petiolar infection. 

(3) Haustoria may penetrate practically every cell in the infected 
area in Pinus strohus. These haustoria are characteristic for Cronariium 
ribicola and their presence in the bark cells of the pine definitely deter- 
mines the identity of the parasite. A sheath develops around each 
haustorium as it reaches maturity or old age. This sheath is apparently 
unlike any other sheath so far described in connection with the haustoria 
of the rusts. 

(4) Haustoria are proportionately much less frequent in Ribes spp. 
than in Pintis sirobus and much smaller in size. They are not enveloped 
in sheaths as in the laftter. 

(5) The morphology of the different sori is shown to be similar to 
the morphology in other full-cycle rusts. 

(6) The structure of the spreading pycnial layer characteristic of 
caYiIicoIous Peridermia is considered in detail. 

(7) The development of the deep-sea ted secium. and the formation of 
its multilayered peridium is described. 

(8) The formation of urediniospores is shown to follow the general 
plan in other uredinia where the spores are borne on stalks. The devel- 
opment of the uredinial peridium and the bank of parenchyma-like cells 
which surround the uredinium are described and figured for the first 
time. 

(9) The telial column is shown to arise cither from an old uredinium 
or as a separate entity and to be indistinguishable from a young ure- 
dinium in its very early stages. It is surrounded at the base with a 
bank of parenchyma-like cells and is provided with a peridium similar 
to the peridium of the uredinium. All of the spores of the telial column 
may germinate in situ. The production of sporidia is described in 
detail. 

(10) The destructive effect on the pine host as a result of the attack of 
Cronariium rihkola varies. In young trees death may result quickly. 
In older trees it is of the nature of a primary injury, which prepares the 
way for the drying out of the infected bark and the entrance of secondary 
fungi and insects which complete the destruction initiated by the para- 
site. 

(11) The effect on Ribes varies with the species atbicked. It may 
result in early defoliation and a consequent poor crop, but in general 
it is not serious on this host. 

(12) The cytological phenomena presented herein establish the 
similarity of the nuclear processes in the gqnus Cronartium and other 
full-cycle rusts. 

(13) The resting nuclei in all cases, with the exception of the mature 
fusion nucleus in the teliospore, have a deeply staining spot on the 
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membrane called the centrosome. This body is apparently the center 
for the more or less definite convergence and concentration of the chroma- 
tin strands referred to as pola^.ization. 

(14) The presence of large, irregular, multinucleate cells at the base 
of the aedum is a regular phenomenon and not to be regarded as an 
abnormal condition, Probably more than one seciospore chain may 
arise from such cells. 

(15) There is a remarkable constancy in the process of conjugate 
division and stability in the nuclear structure throughout the dikaryon. 
In the dividing nuclei the centrosomes are visible as deeply staining dots 
at the poles of the spindle. The number of chromosomes is certainly 
more than two. Possibly eight is the haploid number. 
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PLATE 48 

Cronartiutn ribicola on Pirnis sirobus: 

A. — This figure illustrates the etiolated condition of the bark in the case of a com- 
paratively yotmg nodal infection. The node lies between 4- and 5- year-old wood. 
The infection originated on the opposite side of the stem to that shown in the photo- 
graph. Note the irregular margin of the etiolated area. The mycelium, starting in 
oppoate directions from the infection point, has now completely encircled the stem. 
Hie junction point of the encircling hyphse is along the line ab. Natural size. 

B, — This figure illustrates an interuodal infection, somewhat older than that shown 
in figure A, in which the infection apparently originated at the base of the leaf fas- 
cicle (0). The darker patches on the pronounced canker area are pycnial spots. 
iEcia are formed under the bark all over the canker and are beginning to break out 
toward the upper end. Note the characteristic shape of the young canker. Natural 






Parasitism ■ f Crn-sirti; 


ribicoia 


Plate 49 







PLATE 40 
Cronartiiim ribicoh: 

A. — The edge of a pycnium in section. Note the position of the pycnium with 
reference to the overlying peridenn aiid underlying cells of tlie outer cortex. X 250. 

B. — *Part of the same section sho-iving the general relation of tlie elements wliidi go 
to make np the sorus and their relation to the host cells beneath, a. Contributing 
hyphae; 6, pseiidoparenchyina layer; c, sporophores. Compare PI. 58, A. X 11050. 

C. — Tangential section in tlie xykm, showing the cut end of a ray and the manner 
in which a haustorium (a) may rise from the hyph^ in the ray and enter the lumen of 
the tracheid, X 525. 



PLATE so 
CronartiunL ribicola: 

A. — A figure illustrating the relation of the pycnium (o), the heavy black line at 
the top, and young aecium, to the host tissue. The heavily stained cells (6) in the 
region of the yotmg aecium are the fertile cells. Compare Plate 54, B. X 125. 

B. — A section through a mature seciiuu, taken a little to one side of the break in 
the bark, to show the aeciospore chains (a), the multilayered peridium (6), and the 
overlying host tissue. X 75- 

C. — A similar section "showing a double pycnial layer (a, aO, and the location of the 
cork cambium ( 6 ) which cuts out the old pycnium. X 40. 
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PLATK $1 

Cronariium rihicola: 

A. — A median section through a young uredinium forming in the space beneath a 
stoma, fl, Peridial cells; h, yoiuig urediniospores. The photomicrograph illustrates 
a stage in the development of the uredinixim midway between the stages shown in 
Plate 51, B, and 55, B. X 650. 

B. — A section through the same uredinium as that shown in Plate 55, C, taken to 
one side of the break in the peridiura, toward the edge of the sorus. a, Peridial 
cells; b, a young urediniosporc; c, A stalk cell. X525. 

C. — An internal uredinium from the cortex of Ribes hirtellum. X 315. 



PLATE 52 

Cronartium tihicola: 

A. — A section of a young telial column. Note the overlying peridial cells (a) and 
the row arrangement of the developing teliospores. 'Phe epidermal cells have been 
tom off. X 355- 

B. — A later stage in the development of the telial column. Note the shape of the 
tip cells and the character of tlie parenchymadike cells (a) surroimding the base of 
the yoimg column (cf. PI. 55, C). The cells near the base of the column are binu- 
cleate, while those at the tip are uninucleate. X 355. 

C. — A longitudinal section of a mature column. X 250. 

D — Higher power view of the same section, showing the arrangement of the indi- 
vidual spores, and the size of the nuclei. X i;050. 

E. — A cross section of a small mature column. X 525- 
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PLATE 53 

CTonartium rihicola: 

A drawing to show the intimate relation of the mycelium of tlie parasite to the 
host cells. />/>, Phloem parenchyma; sc, sieve cells; c, cambium cells; /, tracheids, 
rdp, resin-duct parenchyma. The number of haustoria represented as entering the 
cells in this drawing is not abnormally large. The drawing was made from two serial 
sections from the same area by means of a projection apparatus and a camera lucida 
and has been diagrammatized only so far as was necessary- to bring some of the elements 
to a proper level for drawing. In a few cases nuclei, vhich were not present in the 
sections, were supplied for both host and parasite cells. Note the different shapes 
and sizes of the haustoria and the general character of the hyphae lying between the 
cells. X 500. 



PLATE 54 
Cromrtium ribicola: 

A. — A drawing of an infected 12-year-old main stem. The infection entered the 
main stem along the small branch, the stub of which is shown at the right of the figure. 
a, The advancing edge of the infection; b, the pycnial area. The black dots are the 
pycnial spots; c, the aecial area on which the bark is cracked and broken. In another 
season the secial area would spread over the pycnial area (6). and the pycnial area 
would be advanced as far as the boundary (o) under normal conditions. The boundary 
(a) would be proportionately advanced also. The specimen from which the drawing 
was made was collected in August, 1917. X K- 
B— Drawing of a section through part of a young secium diowing the relation of the 
fertile cells with their denser protoplasmic contents to the overlying sterile cells, ia 
wliich the cytoplasm and nuclei have begun to go to pieces. The manner in which 
the adjacent host cells arc forced apart by the fungus cells is also shown, dc, decom- 
position products in the host cells; he, host cell w^all; sc, sterile cells; /c, fertile cells; 
h , haustorium . The elliptical bodies in the host cells represent starch grains. X 400, 
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Cronartium ribicola: 

A.— A drawing of a median section through a very young uredinium, Note that 
the fungus cells are closely compacted against the underside of the host epidermal 
cells, and that the binucleate cells adjacent to the epidermal cells are oriented with 
their long axis more or less perpendicular to the epidermis. Tlie section from which 
the drawing was made was qut just to one side of a stouia. See text for further expla- 
nation. X 500. 

D. — A drawing of a median section through a young uredinium, somewhat older 
than that illustrated in figure A. o, A peridial cell ; 6, a young urediniospore; c, a cell 
which is homologous to the stalk cell of an older sorus; d, a basal cell. See text for 
further explanation. X 5 °°- 

C.— A drawing of a median section through a small mature uredinium. a, A binu- 
cleate basal cell; b, a tetranucleate basal cell just before the urediniospore initial is 
cut off; c, a secondary urediniospore initial ^Yhich has just been cut off from the basal 
cell; d, the urediniospore initial has divided uito a urediniospore and a stalk cell; e, 
a mature urediniospore w’hich is still connected with the basal cell by a collapsed stalk 
cell; /, crushed epidermal cells of the host; g, the bank of parcnchyma-likc eclla which 
encircle the sorus. The cells of this group, which lie next to the epidermis, ^are homo- 
logous to the thickened peridial cells which overlie the greater part of tlie uredinium. 
Note the comparatively small opening in the peridium. The drawing has been slightly 
diagrammatized for the sake of completeness by combining some of the features from 
two sections. Compjire Plate 51, B. X 500. 

88096'’ -19 i 



PLATE S6 

Cronartium ribicola: 

A.— A drawing of the cell relations near the edge of an secium to illustrate the forma- 
Uon of the multilayered acial peridium. a, A yoimg aciospore ; an intercalary cM ; 
h, the basal cell of the chain; p, the potential seciosporcs which are being modified into 
peridial cells. Note the wall markings and the long degenerating intercalary cells. 
X 400. 

B — A drawing of a section through a mature peridium, taken from the same senes 
as the photomicrograph in Plate 50, B. X 400- 

Q — A drawing of a short mature telial column in which the teliospores (a) have ger- 
minated, producing proraycelia and sporidia (6). See Plate 57 for details of the pro- 
cess. Xi70* Drawn by Miss Minnie W. Taylor. 





PLATE 57 
Cronartium ribicola: 


A. — A mature teliospore from the tip of a column. X 850. 

B. —A mature teliospore from the side of a column, X 850. 

C. — A mature teliospore from the side of a column. X 850, 

D. — Five germinating teliosporesfrom a longitudinal section of a column. The 
nucleus in the promycelium from the upper teliospore is in the telophase of the primary 
diviaon. X 850. 

A germinating teliospore. The nucleus is about to pass through the germ pore 
into the promycelium. X 850. 

F. — Early prophase of the primary division in the promyceliura. X 1,700. 

G-— l4te prophase of the primary division in the promycelluTn. The chromatin is 
in the form of complex tangle, X 1,700. 

H. — E-arly anaphase of the primary division in the promyceliutn. Eleven chromo- 
somes are visible. Xi,7oo. 

L— Later anaphase than that shown in figure H. Sixteen chromosomes visible. 
X 1,700. 

J, K. — Two anaphase stages of the primary division. The cliroraosomes are well 
advanced toward tiic poles. X 1,700. 

L. — Late anaphase of the primary division. The chromosomes are condensing into 
deeply staining clumps, but the individuals ar& still discernible in s.ome cases. 
Xi,70o. 

M. — End ot the anaphase of the primary division. The fibres connecting tlie two 
chromatin groups arc drawn to a thin fading strand. Note the radiations in the cyto- 
plams in this and the preceding figure. X 1,700. 

N. “The 2-celled promycelium. X850. 

O . — Metaphase of the second division. X 1,700- 

P. — -Telophase of the second division, Peculiar c>hoplasmic radiations run from 
the reorganizing nuclei. X 1,700. 

Q. ” The reorganizing nuclei after the second division. X 1,700. 

R. — The completed promycelium. Each nucleus shows a small nucleolus and a 
definite centrosome. X 850. 

S —Surface view of a germinating promycclium. X 850. 

T — The tip cell of a germinating promyceliutn. The nucleus exhibits definite 
polarization. X 1,700. 

U. — A little later stage than the last. The nucleus is passing into the stengnia on 
its way to the sporidiura. X 850. 

V. — Surface view of a tip cell of a promycelium bearing a sterigma and a nearly 
mature sporidium. X 850, 

W. — A mature sporidium. The papilla marks the point of attachment oi the 
sterigma. X 850. 

X. y, Z.^teps in the germination of the sporidia. X 850, 

AA.— Sectional view of a mature sporidium. The nucleus shows polanzalion. 


view of a geminating sporidiun,. The nncleus appears to be 
moving toward the germ tube and preparing to divide. X 1,7^. 

CC DC —Two stEwes in the formation of secondary spondia. X 850. 
EE.-Midanaphase of the division of the sporidium nucleus, X 1,700. 

PE. — Late anaphase of the same. X 1,700- 

GG.— Sectional view of a binucleate sporidium. X 1,700. 

HH.— Two cells from the vegetative mycelium m the pine. , 

II.— A definitely polarized nucleus from the vi'setatlt e m\ e 
located just beneath tlic fertile layer of the young scuttn. \ i„oo. 



PLATE 58 
Cronarilium ribico la: 

A. — The elements of the pycnium . The cells at the base are almost empty. Above 
them are the ^ort branching trunks which bear the ^rophorcs. a, A sporophore; 

b, pycniospores in sectional view; c, the cytoplasm is constricted just beneath the 
spore; d, the nucleus is dividing. X 1,700. 

B. — An active thin -walled haustorium from a pine host cell. X 1,700. 

C. D, E- — Old haustoria. C and D have basal cuplike sheaths and tip sheaths. 
E is completely inclosed in a thick sheath. X 850. 

F. — Telophase of division of one of the cells of the fertile layer to form a sterile 
cell. Xi,7oo. 

G. — A newly formed sterile cell. X 1,700. 

H. — A large polarized nucleus from the fertile layer. X 1,700. 

I. — An aecial basal cell resulting from the fusion of two adjacent cells of the fertile 
layer. Compare the size of the nuclei witli that of the nucleus shown in Pi. 57, II. 
X 

J. — A diagram of a basal cell resulting from the fusion of two cells from different 
levels. X 850. 

K. — A diagram of a trinculeate irregular basal cell from the tip of which a tri- 
nucleate seciosjxjrc initial has bLcn cut off. X 850. 

L. — A diagram of part of an irregular compound fusion cell, X 850. 

M. — A basal cell witli the nuclei in early prophase. The centrosome in the left 
nucleus has apparently divided, b. An zeciospore initial cell with the nuclei in 
midanapliase. X 1,700. 

N. — Part of a basal cell. The nuclei in prophase. X 1,700, 

O . — A later stage than the preceding. The spindle and centrosomes are just visible 
in the upper nucleus. X 1,700 

P. — Metaphase of the division in the basal cell. A centrosome is evident at each 
of the poles of the spindles. The chromatin is condensed into chromosomes. The 
nucleoli have moved off and begun to fade. X 1,700. 

Q. — Early anaphase, a little later than the stage in figure P. X 850. 

R. — Midanaphase of the division. The chromosomes are moving toward the poles 
along the outside of the spindle. X 1,700. 

S. — A later stage of anaphase than in figure R. X 1700. 

T. — Final anaphase. The chromatin is condensing in two groups at each pole. X 
1,700. 

U. — Telophase. The two groups for each pole are still distinct. X 1,700. 

V. — Telophase. The two groups at each pole have condensed to single ma.sses. 
The wall which will separate the aciospore initial from the basal is beginning to 
form at a. X 1,700. 

W. — Prophase of tlie division in the reciospore initial. X 1,700. 

X. — Final telophase of the same. X 1,700. 

Y. — An aeciospore chain in section view, a, The basal cell; 6, im seciospore initial, 

c, an intercalary cell; d, a young aeciospore. The nuclei in the upper intercalary cells 
are degenerating. X 850. 

Z. — A large mature aeciospore in surface view. X 850. 

AA. — A nucleus from a mature aeciospore. X 1,700, 
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PLATE 59 
Cronarlium rihicola: 

A. — Cerminating aeciospores. X 425. 

B. — Sectional view of the seciospore wall showing the manner in which the germ 
tube is constricted- X 850. 

C. -— A binucleate cell from the mycelium in a leaf of Riles sp. The nuclei are 
polarized as in the uninucleate mycelium. X 1,700. 

D. — A binucleate haustorium from a host cell of Riles sp. X 1,700. 

E. — A uredinial basal cell. The nuclei are in prophase. X 1,700. 

F. — Metaphase of the primary division in the basal cell, The chromosomes are 
visible as distinct units. X 1,700. 

G. ~Early anaphase of the same division, X 1,700. 

H. — A later stage of the anaphase. X 1,700. * 

I. — Final anaphase. The two groups at each pole are not clearly distinct in this 
figure. X 1.700. 

}, — A binucleate urediniospore initial. The nuclei are polarized. X 1,700. 

K.— Metaphase or early anaphase of the division in the initial. X 1,700. 

L- — Late anaphase in the initial. The chromatin is condensing in two groups at 
each pole. The second nucleus in the basal cell has been cut away. X 1.700. 

M. — Late anaphase group from the initial, for comparison with figure L. X 1,700. 

N. — A basal cell bearing a stalk cell surmounted by a nearly mature urcdinio.spore 
(a), and a secondary urediniospore initial ( 1 ;), The nuclei in the latter are in pro* 
phase. X 850. 

O. Metaphase of the secondary division in the basal cell, preparatof}- to the forma- 
tion of a secondary urediniospore initial. X 1,700. 

P. A mature urediniospore. X 850. 

Q. A germinating urediniospore in sectional view. X 850. 

R. — A germinating urediniospore. X 425. 

g — telial basal cell. Both nuclei show centrosoines and polarization phenomena. 
X 1,700- 

T. — Metaphasc of the division in the telial basal cell. X 1,700. 

U. — T^te anaphase of the same. X 1,700. 

V. — Final anaphase of the same. X 1,700. 

W. — Telophase of the same. X 1.700. 

X. ^A diagram of a telial unit column. Two young binucleate teliospores sur- 
mount the basal cell. X 850. 

Y. — The two nuclei of the young tcliospore just previous to fusion. Note the cen- 
trosomes. X 1,700. 

Z. The two nuclei in the process of fusion. Two nucleoli and two centrosoines are 
still visible. X 1,700. 

AA. -The large fusion nucleus. The chromatin is in heavy strands. ^ X 1,700. 
BB.— The fusion nucleus, .slightly decreased in size. The chromatin strands are 
finer than in the preceding stage. X 1,700. 

CC.~The mature fusion nucleus. The chromatin is in the form of granules. X 


1,700. 




FURTHER DATA ON THE SUSCEPTIBIEITY OF RUTA- 
CEOUS PLANTS TO CITRUS-CANKER' 

By H. Athhrton Lee 

Assistant Pathologist, Fruit-Disease Imestigations, Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 


In the present paper results are given of field observations and inocu- 
lations with Pseudomoms citri upon plants belonging to genera more 
or less related to Citrus. These results show a wide range of hosts for 
Citrus-canker, and the possibility of lesions upon plants other than 
Cilms spp. serving as sources of new infection becomes emphasized in 
Citrus-canker eradication work. 

In the present investigation the findings of Jehle^ as to the suscep- 
tibility of ChcUcas {Murraya) exotica Millsp., were corroborated and 23 
other species representing 20 genera of the Rutaceac were studied. 

It seems inadvisable to present the inoculation data here, since over 
2,000 innoculations were made. Table I presents the data in a very much 
condensed form, and the illustrations show a few of the positive results. 
To anyone interested the complete inoculation data are available at 
the Bureau of Plant Industry, Washington, D. C. The inoculations and 
the controls were dried as herbarium specimens and \vill also be available 
for examination. 

In making the inoculations an infusion of the organism was painted 
upon the leaf blade, midrib, petiole, or stem, as the case might be, with 
a small camel’s-hair brush, and then the tissue was pimctuted through 
the coating of infusion with a needle. The inoculated twig was main- 
tained in a moist condition by wrapping it in paraffin paper, inclu ding 
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with the twig also a small piece of moistened cotton. Control needle 
punctures with tap water were made for each host plant, and the moist 
condition was also maintained with paraffin paper and moist cotton. 
Unless otherwise noted, the positive results observed here occurred only 
at needle punctures. 

Table I. — Summary of results of inoculations on plants of Rvtaceae 


No. 

Oenus and species. 

Inoculation 
No. for ref- 
erence. 

Result. 


SUBPA1III,Y Citratae. 

(Not of tribe Citreae.) 

1046-1050. . . . 

876-880 



Ckalcas exotica 

Tribe Citreae. 

StTBTSiBB Feroninae. 

Weakly positive- 






SuBT&iBS Aegliaae. 



6 

Chaetoxpermnm glulinosa . . . . 

61-70; 831. . . 

Positive 

7 

Balsamocilrus gaboncMsi'i . . . . 

i34i-'JSO- ■ ■ • 

Negative 


Subtribe Lavanginae. 

1291-ijlo.... 

1071-1S08. . . . 


9 

Tritfhasia It i folia 

Negative 

10 

Pa'amignya lonyipeduncu- 

771-790 

Positive 


lata. 

hull folia . 

1381-1390. , . . 

1371-1380. . , 

1331-1335.. . 

Negative 

li 

13 ! 

1 

SUBTRIBE CITK[N.\E. 

Cttropsis schu'icinfurlkii. 

Alalantia citrioides 

Positive 

do. ... 


' ... 1 
: A inlnfttui 


Weakly positive. 

, . ,do 

*5 

16 

17 


1 ■ ■ ■ ■ 

I4 i 6'I4.’0 

1^71-1^80. * . . : 

F'nrftjnplf/t hintiiii 

Positive 

Foriuiuila jafxmica. . 

I0J1-IQ40 1 

Weakly positive. 

i 

i8 

Microciitvs australis. 

486-505 

Positive 

>9 

.\fkrocilfus ausiralasica. 

1326-1330 — 

do 


Renurks. 


Netradve for leaves, but positive nu 
petioles and stems; inoculations 
slow in maturing. 

Negative for leaves but positive on 
proles and steins. Suscepti- 
bility only evidenced by sbght 
swelling not evidenced in controls. 


Leaves as well as stems show itosi* 
tive results. Reaction takes ^ce 
slowly. 

Results obtained only for stem. 
Positive results obtained very 
readily. 

Inoculation attempts made rcpeiat- 
edly on all parts of plants; all neg- 
ative; believed to be immune. 

Results obtained very readily in $ 
days. Many naturally occurring 
infections ( PI. 6o). 

Thisspedesis believed to be immune. 

Results obtained quickly and readily 
for both leaves and stems (Pi, 
6i, A). 

Stems and leaves negative. 

Tissue yellow, with oily apj^rance 
around punctures, not raised; no 
such coloration aroimd control; 
true both for leaves and stems (PI. 
6 i, B). 

Believed to be immune; inoculated 
repeatedly under same conditions 
which gave positive results on other 
geuera. 


Readily positive both leaves and 
stem. 

Positive for leaves, causing a watery 
dark discoloration of tissue hut no 
eiCTescence, Weakly positive on 
stem (PL 6i, A). 

Stem inoculations slightly swollen, 
not the case with controls. Leaf 
inoculations slightly discolored, 
not the case with controls. Very 
resistant at least 

Stem inoculations slowly positive. 

Quickly positive on both leaves and 
stem (PI. 6 j. B). „ , , 

Leaf blade inoculations definitely 
negative; inoculations in midrib 
weakly positive and inoculations 
in stems slowly but clearly positive. 
Believed to be highly resistant. 

Quickly positive; cankers drfnitc 
but much small er than on Cilrar 
spp. 

Stem inoculations sho ”' cankers; 
much smaller than on Citrus spp., 
how’cver. 
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Table I . — Summary of results of inoculations on plants of Ruiaceae — Continued 


No. Gernis and species. 


RlJTACBAB OthBR ThaM I 

Cjthatae. 

» Toddalia asiaika .. 1401-1410 — Positive. , 


aa Evodviridleyti 


6 jr-« 9 o. . . - . - Negative., 
siij-aia;. ... Positive... 


*3 Exodia loti folia . . 


291-300 do. . 


34 Meitfo^fC triphylla . 


1526-1540. . . do. . 


1 Leaves show no exerts fences, but a 
yello’wiug of tissue not found in 
control punctures. Stem inocula- 
tions are swollen and tlie tissue is 
blackened. 

. Leaves, petioles, and stems negative. 
;^th leaves and stem produce light 
brown eruptions very definite and 
similar to those on Citrus si>p. (PI. 
63). There is also evidence that 
stoma tal infections took place. 

. I/CavES dearly negative but stem 
tissues show _ excrescences ol a 
brown color similar to those pro- 
duced onCrirurspp.; leaonsverym 
large. 

. , Leaves clearly negative; stem tissue 
shows excrescences of brown color 
similar to those produced on Cit- 
rus spp. 


Field observations corroborating these inoculation data have been 
made in many cases. Thus, in South China Severinia huxifolia occurs 
naturally, exposed in a number of instances to infection from Citrus- 
canker in near-by orchards. In no instances were lesions in any way 
resembling those of Citrus-canker found, d egle manneios and T riphasia 
trifoha are cultivated at Lamao in the Philippine Islands, surrounded by 
nursery rows of Citrus trees heavily infected with canker. In no case 
have lesions similar to those of canker been found on these hosts, 

Chaleos exotica is a commonly-gronm ornamental in Mmiila; nothing 
at all resembling Citrus-canker has ever been found occurring naturally 
upon it, although sources of infection are in some cases closely present. 

Xanihoxylum rhetsa and Alaiantia disticka occur naturally at ^amao in 
places where infection with Citrus-canker would be easily possible. No 
lesions similar to canker have been found on these plants. 

Foriurtella japonica occurs in orchards at Lamao and also at Los 
Banos. Philippine Islands. No naturally-occurring cankers have eve 
been seen on this host. Wolf ' reports Citrus-canker on kumquats, tat 
does not mention tvhat species were under obsers-ation. Suingle 
reuorts canker on kumquats in Japan. 

Fortmdla japonka, although susceptible to ““ , ; „ 

most optimum conditions, should nevertheless be regarded as Inghly 

resistant, closely approaching tmimimty. ^ ,„.,,„Uv in South 

On the other hand, fortuncUa himhn occurring > p. . 

CM na has be en ob^-^d 

iVow.Fmierick A, CITKUS.CAN-KKR. u. s. nept. Agr. Dept. 

*U. s. Dkpaatmrnt or .\c,Rn;vi,ri;RK curls v.vnrrr ln raiu 

Circ., V. 1 , no. j. p. 8. i9JS. 
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of this species were found by Prof. G. W. Groff and the writer near the 
summits of mountains in Kwangtung Province at an altitude of about 
1,500 feet. These mountains are heavily eroded and peculiar in having 
their sides barren and almost entirely free from growth. Plants of F. 
hindsii at the tops of these mountains were therefore very much isolated 
from commercial Citrus plantings and other sources of canker infection; 
nevertheless, in almost all cases the species was heavily infected with 
Citrus-canker. The writer later found plants of the same species upon 
Victoria Peak, Hongkong, a mountain of very similar type. It is pos- 
sible that further facts may show that this plant is an original wild 
host from which Citrus-canker has spread to cultivated species. 

Chaeiospermuw glutinosa occurs both naturally and cultivated at 
Lamao, and naturally occurring cankers are abundant upon such plants. 
The susceptibility of C. glutinosa to canker is easily greater than that of 
the sweet orange (Citrus sinensis) in the Philippines. 

Glycosmis pentaphylla occurs naturally in Kwangtung Province, China, 
in places where infection from Citrus-canker would be easily possible. 
No naturally occurring cankers were observed. 

Of the positive results obtained in the foregoing tabulated species, 
Pseudomonas citri has been rdsolated from Claucena lansium, Feronia 
limonia, Feroniella lucida, Chaefospermum glutinosa, Hespereihusa crenu- 
lata, Paramignya longipedunculata, Citropsis schweinfurtkii, A talantia ciU 
rioides, Foriunella hindsii. Microcitrus australasica, M. australis, Toddalia 
asiatica, and Evodia ridleyei. Such isolations have been reinoculated on 
foliage of Citrus grandis, and have given positive results in each case. 
In those positive results not listed as having the organism reisolated the 
material was collected and dried in the field, where laboratory facilities 
were not available. 

The statements made above as to immunity, since they are based on 
lack of infection after inoculation with a dense infusion of the causal 
organism under the most favorable conditions for infection, are probably 
more substantial than claims made for absence of infection under natural 
conditions. 

The most noteworthy feature of the inoculations is the susceptibility 
of such very distant relatives as Evodia ridleyei, K. latifolia, and Meli- 
cope triphylla. In these cases the cankers are by no means weakly pro- 
duced, but form quickly, with a decided swelling of the tissue, which later 
erupts as on species of Citrus. On E. ridleyei the results were evident in 
two weeks. Pseudomonas citri, therefore, is not closely limited to Citrus 
spp., but has a very wide range of host plants within the family Rutaceae. 

Severinia buxifolia, Aegle marmelos, and Balsamocitrus gahonensis 
produce no reaction whatever when inoculated with Pseudomonas citri. 
It is believed that these species may be safely called immune to Citrus- 
canker; this is especially noteworthy, since they are all close relatives of 
the genus Citrus. 
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The evidence is that Xanthoxylum rketsa and T riphasia irijolta are 
immune, while Ckalcas {Murraya) exotica, Atalantia disiicha, and Fort- 
unella (Citru^) japonica show positive results only under the most fav- 
orable circumstances for infection. 

It is noteworthy that some of the immune and highly resistant species 
possess thick, coriaceous brittle leaves— for example, Severinia buxifolia, 

A talantia disticha, Fortunella japonica, and Chdcas exotica. This suggests 
the possibility that resistance to Citrus-canker may be influenced in some 
measure by histological or morphological differences. 

SUMMARY 

(1) Inoculation tests with Pseudomims citri upon 24 species repre- 
senting 20 genera of the family RUtaceae show that 19 of the species are 
susceptible in greater or less degree. It thus appears that Citrus-canker 
is not closely limited to the genus Citrus, but has a wide range of hosts 
among the Rutaccne. 

(2) Severinia buxifolia, Aegle marmelos, and Balsamccitrus gabonensis, 
all close relatives of Citrus, may safely be called immune to Citrus-canker. 
Xanthoxylum theha and Triphasia trifolia seem to be immune. 

(3) Chalcas {Murraya) exotica, Atalantia disiicha, and Foriunella 
{Citrus) japonica, also closely related to the genus Citrus, are strongly 
resistant to Citrus-canker. 

(4) Claucena lansium, Feronia limonia, Feronidla lucida, Chaetos- 
permum glutinosa, Hesperethusa crenvMa, Paramiqnya hngipeduncMa, 
Citfopsis sckweinfurthii, Atlantia citriouies, Eremociirus glauca, Foriunella 
kindsii. Microcitrus australis, M. auslraiasica, Toddalia asiaiica, Fvodia 
riMeyci, E. latifolia, and Mclicope iriphylla, of different relationships to 
the genus Citrus, all produce positive results when inoculated with 
Pseudonw^ias citri, at needle punctures. Of these Clancem lansium and 
Feronia limonia develop infection very slowly, the others fairly quickly. 

(5) Chaetospermum glutinosa shows naturally occurring infections of 
Citrus-canker and in the Philippines its susceptibility is easily greater 
than that of the sweet orange {Citrus simnsis). Foriundla kindsu oc- 
curs naturally in South China, very much isolated from sources of Citms- 
canker infection. The abundance of cankers found on such trees gives 
rise to the theory that this species may have been an original wild host 
from which Citrus-canker spread to cultivated species. 



PLATE 6o 

Naturally occurring Citrus- canker lesions on leaves of Chaetospermum gluHnosa. 
Natural size. 
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PLATE 6i 

A. —Hesperethusa crmulaia, shnu ing discolorations resulting from inoculations with 
Pseudomonas cilri. Natural size. 

B. — Paramignya longipeiunculaia, showing discolorations around punctures made 
with P, ciiri on leaves. Such discolorations did not develop at punctures made with 
river water. Natural size. 



PLATK 6a 

A. — Atalaniia citrioides, showing positive results following inoculation with Pseu- 
domonas citri. Natural size . 

B. — Fortunella hindsii, showing results of inoculation with rain water on leaves. 
Natural size. 

C. — Fortunella kindsii, showing results of inoculation with P. citri on leaves. Natu- 
ral size. 






PLATE 63 
Evodia ridleyei: 

A, — Stem inoculated with tap water. 

B , C. — Two twigs inoculated with PsmdoTnonas ciiri. Natural 
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mulch, plowsole, and sub--c)il S15-516 

normal and blighted spinach 371-375 

soil, effect of drying 

sulphate, effect on plowsole tor 

Calcium-acetate nictluKl, used in determining 

soil aridity 3**-.>'9 

Cane sugar, effect on alialla silage 

Canker, brown, of roses 

CapnodiutH meridion-ah', similarity to Colf<>- 

spi)riu:n scnecumis 

Capriola dactylcm, catalase and oxidase con- 
tent of seeds « 3 7' 1 74 


Page 

Carbohydrate changes during hardening 

against frost injury' 95-57 

Carbohydrate production in healthy and 

blighted spinach 3R'-.384 

Carbohydrates, effect on alfalfa silage 38-4-590 

Carbon- 

digestibility in alfalfa hay and starch, . . . 271, 2K2 
dioxid in— 

gaseous *-xcrction 273»2-84 

silage, released by enzymic and yeast 

action 589-590 

disulphid, effect on iiitrogen-fixing organ- 
isms in soil 601-614 

in dry matter of feeding stuffs 270 

in gaset'us excretion 273, 28.3 

Caibnnatc — 

ammonium, used in experiments with 

idoWSoIt 50S 

ealdum— 

effect on idfiwsoli' 507 

, in olive earth 484 

i sodium, effect on plowsole 507 

i Carsner, hubanks (paper); Angular- Leaf spot 
I cif Curumher: Dissemination, Overwinter- 
ing, and Control 201-220 

Caryofisis of seeds, catalase activity of 1.461-147 

Casein fiigeslers in alfalfa silage 586-590 

Catalase and Oxidase Content of Seeds in 
Relation to Their Dormacy, Age, Vitality, 

and Respiral ion (paper) 137-174 

Catalase of seeds— 

method of determining 539-141 

solubility 160-161 

Cattle, crosses between dairy and beef 

breeds i-s7 

Cattleya orchids, fumigation with hydro- 

cyanit^ac'id gas 263-26R 

Cells, diameter in various parts of seeds of 

I Johnson grass and crimson clover 14S 

i CephalKtheutnn sp., fungus isolated from 

Ipomoca batatas 364 

Ccraiitis caPitata in Hawaii, parasitism 419-466 

Crralixystis fimbriaia. See Sphacronemajim- 
tirtciuvi. 

Ccratosloma sp. , fungus isolated from Ipomoea 

batatas .364 

Ckcctcmmm Sp., not cause of damping-off in 

conifers ,54o-S5S 

Cliiv:t.\^pcrmum !7/«fs«c>5rt, susceptibility to 

Pseudtnncmas dtri 602-665 

Ciiaicas cz.”ljta, susceptibility to Pseudomonas 

dtri 

Charroiil-Tot ol Ipomoea baiaUts 331*354 

Chemical changes in plants during hardenin!; 

against frost injury 9 . 5-97 

Chemistry of Swcct-CIover Silage in Compari- 
son with Alfalfa Silage (paper) uj-131 

Cherry', Freudi. See Euaertia untflora. 

Clilorid— 

barium, used in dctcrminiDg nitrogen in 

spinach 400-404 

mercuric — 

eOtvi uu Bacterium facArytnawr ioS 

effect on oxidase activity of seeds 168-169 

used in determining nitrogen in spin- 
ach 399-404 
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Cblorid —Continued . 

potasaum, used in ex-^riments with green- 
sand 4S8 

silver, used in determining nitrogen in 

spinach 

sodium — 

effect on plowsole 50? 

used in alkali experiment 289-319 

used in experiments with intestinal tri- 
china 468-482 

Chloroform, effect on alfalfa silage S 9 o 

C^krysophyllutn monopyrenuvi, host of puparia 

parasitized by Diachasma /ullavfayi 448 

Ctmex— 

antenni-rectus, SetMirifdolabraiV'S. 
deses. See M iris dotabratus, 
dolabratuj. See Miris dolabro-tus. 
frumentarvis. See Miris dolabralnJ. 
laevigaius. See Afirir dolabraius. 
laieralis. See Mfrir dolahratus. 
porr ictus. See Miris dolabraius . 
reclicornis. See Miris dolab ratus. 
riparivs. See Miris dolahratus , 

V'/lavum. See Aftrij 

Citratae, susceptibility to Fseudemonas ettri 6ti2-(>6s 
Citreae, susceptibility to Pseudonumas cUri. 662-665 
Citrinae, susceptibility to -PscMdfmwwas a^ri 662-665 
Citron. See Cilrullus vulgaris, 

C itruUus rvlgaris — 

free from attacks of Ba clermm Ic chryrtuans ... 2=6 

host of oreanism virulent to Ipoirwea batatas .u 7 
Citrus canker. See Pscudonimtas cltri. 

Citrus— . 

grandis, susceptibility to Pseudomonas 


citr: 664-665 

sinensis, susceptibility to Pseudomonas 

Cltri (65 

Ciiropsis sckv-'cinfurihii, susceptibility to 

Pseudomonas ciiri 662-665 

Clays, potash in To-r 2 

Churena liinsium, susceptibility to Psaido- 

man cs citri f.v 2-665 

Clover— 

crimson. See Trifolium incarnatum. 
red. See T rifolium pratense. 


C.ofjva arabica, host of puparia parasitized by 

Diachasma fullasjcayi 148 

Coffee. See Coffca arabica. 

Colcoptera, found on imported orchid •• 263 

Co/coj/’W'iim— 

senctianis, similarity to Ca/>JtLid;HW mcndi- 

(male 64S 

sedidacinis. S>ti. Coleosporiu»i.umi!n-ar::, fi- 
sts. 

jiJBf/ii-cricnJir.fusionnucIeusin tcliospo: e , 646 

Coleus, production of injected areas due to 


freezing 86 

Collembola, found im imported orchids 263 

Colley, Reginald H. (paper); rarasiti;.m, Mor- 
phology, and Cytology of Cronartium nl i- 

cola 6i;-6('x] 

Colloids, soil, relation to plowsoles 503-.' i j 

Colocasia esculcnta, host of rot-prodiniU.g 

organism virulent to Iponwea hii!j;.:s .5;v 

Colon (H ganisms in alfaila silage 574-552 

Colorimetric tit rat ion of silage ex tract 127-12) 


Pa« 

Complement-fixation test, serum distributed 

by multiple-pipette holder 615-618 

Condition of Fertilizer Potash Residues in 
Hagerstown Silty Loam Soil (paper).,.. 59-81 

Conifers, diseases of seedlings .521-558 

Conifer seedlings, injury from — 

damping-off 52i~S58 

drouth 554-555 

mechanical means 551-554 

whitespot SS' 

Conner, S. D. (paper): Soil Acidity as Affected 

by Moisture Conditions of the Soil 321-329 

Contribution to the Biology of Fruit-Flj' 

Parasites in Hawaii (paper) 419-466 

Copper — 

sulphate, effect on Bacterium lachrymans . - 205 

sulphid, used in determining nitrogen in 

Spinach 400-404 

Curiseus ferus, natural enemy of LePtoUrma 

dolobrata i94 

Com chop, effect on alfalfa silage 574*590 

Corrodentia, found on imported orchids 263 

Corsican pine. See Pinus nigra poireiiana. 
Corticium sagutn, cause of damping-off in coni- 
fers 522-558 

Colinus niliila, larvx, effect of hydrocyanic- 

acid gas on 134-136 

Crataegus spp., nature of dormancy of seeds . 138 

Crimson clover. See TrifoUum incarnatum. 
Crocter, William, and Harrington, George T, 
(paper): Catalase and Oxidase Content of 
SeeiLs in Relation to Their Dormancy, Age, 


Vitality, and Respiration. 137-174 

Cronartium — 

asccipuuh'um, resemblance to CronorliMw 

ribicola 65,^ 

Compton iae, nature of injury on Pinus syl- 

zatrii 649 

fiaccidum, parasite on Peonia officinalis. . 63S-639 
oiiidfntalc, a:cia 652 

cvtC)lo:;y '.30-653 

infection of pint* 62.4-6:5 

lifchlstoiy 620-624 

morphology — 

a;cia 630-634 

rayiTliiim 626-629 

'■ycnia 629-630 

telia 637-639 

urrdinia 635-637 


Crooksicck siiiiash, Japanese, Sec Cw.-rir&i.'.i 

Cros'CS l.'Ct3vcC'n dairy siiid bcc-f cattle— 

I) reeds in parent herd 

i inheritance ol— 


beef qualities ' 

color c.-sn 

milking (jualilies 5-”?* 

i:iuzzle color 42-2,> 

polk'd character 45*48 

switch color '*4 

tongue pigment 43”44 

white mark in 

Crude fiber — 

dige.stibility in alfalfa hay and starch. . . . 271. -"^3 
ill dry matter of feeding stuffs - 7 ° 
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Cucumber— 

Sfiuirtins. See Mamotdioi elaUrrium. 
w Ikl , See cA moc yr / (\s ^0 i)a . 

See Cucumis rabriMf. 

C'ucitmis — 

acuiangidis, host plant of DacUtium luh- 

ryinans 

angwia, host plant of B.icUrium IjcA- 

Tyttuins 

dipsaems, host plant of liacte.Tium lacr 

rym^ins 

;:rosjTiirtn'oe/ofW!j, free from attacks of Eu, 

iettunt lai'.kTyma'n.s 

melo~ 

free from attacks of Bacterium lachrymans 
var. dudaim, free from attacks of Soc- 

Uriutn luckrymans 

var, JlexMosus, free from attacks of Bai 

iertum lackryfnans 

iafrifMs, host plant of Bacterium lat-hrymar 
CucurMa — 

maxima, free from attacks of Barkrium 

lachrymans soft ! 

morcAafa, free from attacks of B(?c:fefiiiT?v 

lachrymans jofi 

pepo — 

free from attacks of BocferiMm lachrymans 206 : 
var, fondensa, free from attacks of Bar- 
ter iicm furArymans 20C j 

vat. OTi/era,freefrom attack sofSar/ertum ! 

facArymonr 206 1 

Cuprous oxid in intumescences on fror-en ! 

leaves 8S I 

Cj’anid— i 

potassium, tolerance of farvee of Trichindla 

spiralis to 477-470 ; 

sodium— j 

effect on cattleya orchids 2rj7-2i^8 ' 

used to generate hydrocyanic-acid cas. . . 534 • 

Daclylis alomerata — 

food plant of .\/iri( dcdabraUis. 1S2 ' 

reported bridging host for transfer of 

timothy rnsl 222 

source of PurriMia graminis phlcipratensis 

transferred to semicongeiiial iiosts 244 

Dairy cattle, cresses with hcrl breeds 1-37 

Damping-off diseases of conifers ,= 2i-,s5S 

Dashccii. Sec Ccl.-iana fscidnitn. 

Datiiva inlrgarima. effect nf hydvocyanir- 

acid cas on 264-2(18 ^ 

Denitrirnal ion ill diseased spinach 40 t" 4 c 4 1 

Dcsiciatinn, effect on catalase activity of | 

seci'.s 145-150 

DctcTiniuing t 1 ie Absolnte ball Centent of 
Soils tiy irc..,r.s of the Freezing-roint 

Method (paper) 33 t- 33 ® ^ 

Dextrose in intumescences on frozi'n leavc.c. . 83 | 

Diahudica- 

possible carrier of Bje 

/trhiw f<i< ArjmcnJ a** 

rilUita, possible carrier of Bor(mim Lchry 

mans 

DwiAastnft— 

Ml.ru^avi — | 

lifeliisiorv -'■•.'" 44 S 1 

luitiiral imemy of Mediterranean fruit lly 


DiucAa^mn-ContMiued. „ 

Iryimi- 

life history 

natural enemy of Mediterranean fruit 

fly 

Duimino acids in healthy and blighteri spi- 

, 

uiaporthe— 

baiatalis, causal organism of dry rot of Ipo- 

tnota batatas j 

MmApinq, n. sp., cause of brovni canker ol 

• 55 > 3 - 6 <» 

control 5,g.5y, 

cultural characters, jpS 

description 506-597 

life history jijS 

Dicotyledons, parasitized by same damptng- 

off parasite as conifers S.iS'.iS.'f 

Dietz, H, F,, and Sasscer, Iv R. (paper); 
Fumigation of Cattleya Orchids with Hy- 

drooyanic-Acid Gas 26.5-268 

Dimorphism nf .Ifirtj doiabraius 193-1,84 

Dioxid- 

carbon, in silage, released fry enzymic and 

yeast action s9'2-;go 

silicon in— 

mnkli, plowsolc, and subsoil sj3-5i6 

normal and blighted spinach j?>"375 

Dioxygeu, used in detcmiiuing catalase con- 
tent of seeds 140-144 

Diplodia — 

gossyPina, causal organism of rot in ip->~ 

moeabataias 347 

rnaclurae, causal organism of rot in Ipomoea 

batatas j47 

Ka.'afcn rd, causal organism of rot in Ipomoea 

batatas 347 

iuhericola, causal organism of Java blackrot 

of Ipomiica hulaliis . . ,347 

,:i;ar>, nonviruknt to//)Crac(’o batatas 3.|S 

DIsaccharids in hardened and nonhardened 

cabbage 95"<>6 

Discasia poii, not cause of damping-off in 

conifers 550 

Diseasesof conifer seedlings .«jr-seS 

Disulphid, carbon, effect on nitrogen-fixing 

organlsmsin soil 651-6:4 

Donnancy of seeds, relation of catalase and 

oxidase content to Dv'tri 

Douglas fir, Bee Psmdoisuga foxif<)hii. 

Drouth injury, comparci .1 wiiti damping-tiff i:i 

conifer set dliniis 5 54— >.> 

Drying, effect on catalase activity of seeds . . i4'?'i 

Diyiol of ipemora batatas 346 - 1 's 

Eihiraxystis Lhatc, free from attacks of Bac- 
terium lachrymans =56 

nffert of Carbon Disulphid and Toluoi upon 
Xiirogcn-Fixing imd N'lliifyin;; Organisms 

(paper) 6i:-..;4 

FlTcci of Farm Manure in Stimulating the 
Yields of Irrigated Field Crops (paper) . . . .^33--?; 
Fffcct ei Hydroryanic-.\cid Gas under 
X'acumn Cenditiont on ,Suhierra!Uv.n 

Lnrca* ('paper 'i 

Elaeagiius sp., host of dampin;4'<.;iT para.dtcs, 


;66 I niectroractric titration of silage extract. . . 125-12 
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Elymus — Page 

cenadetisis, used in bridging-host experi- 

ineDt 3 . . 2 j 6-249 

macounii, source of Puccinia ^rawtmis /n- 

iiti transferred to semicon genial hosts 242 

robusius used in bridging-host experiment, 

234-249 

rtrginicus, used in bridging-host experi- 
ment 233-249 i 

Kmbri'O of seeds, catalase activity of 146-T47 ■ 

Endophyllum semf'cniii, acciospore chains. , . 647 

Endosperm of seeds, catalase activity of . . . 146-147 
Energy expenditure consequent uptm feed 

consumption 27S-at:o 

Engelmann spmee. Set* Picea eft^clnifutm. 
Eniomophthora sp., fungus attacking Miris 

thduhralus iS7 

Enzyms in alfalfa silage 5.?^-5<)o , 

E/'tfoCfiitn sp., fungus isolated from Ipontora 

batatas 357 

Erb, E- S., and Ercar, William (paper): Con- 
dition of Fertilizer Potash Residues in Ha- 
gerstown Silty Loam Soil 59-81 

Eretnodlrus giaiica, susceptibility to Pseu-do- 

■tnonas citri 662-('6; ; 

Eriobotrya japonka, host fmitof xntparla jiara- 
sitized by Diackasma fullau'ayi. ....... 

Errata and authors' emendations 

Erysiphe grant inis, tested on Broinus spp .... 

Ether extract in dry matter of feeding stuffs. 
Ethyl-acetate method, used in determining 

soil acidity 

Eugenia unificra— 

host fruit of puparia parasitized by Dia- 

(kasma fullnirayi 448 

host plant of puparia parasitized by Din- 

(hasmatryon: 

Eugencl, used to determine oxidase activity 

in normal and blighted spinach 377-380 

Eulophinae, one species natural enemy of 

Mediterranean fruit fly 419-466 

Euprodis ckrysfr'rfuica, used in' exi>eriments 

tKith Limnerivtn valid-utn 45.8 

Evodia— 

/<th‘/ciiia, susceptibility to Pseudomonas 

dtri 

TidUyei, susceptibility to Pseudomonas 

dlri 6<»4-t>0S 

Excretion — 

gaseous, in alfalfa hay and starch-feefling 

experiment 273. :&4 

urinarj'. in alfalfa hay and starch-feeding 

experirrirTit 273*285 

Experiments in Field Technic in Plot Tests 

(paiier) 251-262 

Experiments on the Value of Oreensand as a 
Source of I’otassium for Plant Culture 

(paper). 485-492 

Fallwebworra. Snt Hyphuntria cunea. 

Eavus, skin disease caused by .drfrfrfffw.SVfcfK* 
ffitnV — 

ana! orni eal 1! lan ge s 416 

tTiz.fMjtiology 4;f.i-4i7 

treatment 417-4:8 

Feed - u. 

effect on brisket disease 4 ti- 4<4 

influence of quantity on digestibility 272 

relation to energy expenditure 2 78-2 So 


Page 

Feeding stuffs, composition and energ>' con- 
tent of 270 

Fermentation, methane, in alfalfa hay and 

starch 274-275 

Feroniella ludda, susceptibility to 

monas dtri 662-665 

Fcfonia litnonia, susceptibility to Pseudo- 
monas dtri 662-665 

Feroninae, susceptibility to PscudomMas 

ettri 662-665 

Ferric oxid in- 

mulch, plowsole, and subsoil 50S-516 

soil, effect of drying 325-528 

Fertilizer potash residues in Hagerstown 

silty loam soil 5‘)-Si 

Fescue, meadow. Sec Fertwea elalior. 

Fl'StTM a — 
daiurr — 

food plant of Miris doUtbratus 182 

repo rt ed brid gin g host for transfer of timo- 
thy rust, 222 

source of Puednia graminis phleipraicfisis 

transferred to scraicongcnial hosts 244 

pratensis, source of PMCci'nia graminis Phld- 
pratensis transferred to semicongenial 

hosts 744 

Fir, Douglas. See PseudotsUQH taxifolia. 

Fly, fruit. See Ceraiitis tapilaia. 

Fooimotol Ipomoea balaitis 550 

Forests, damping-off in 525-55.8 

Formaldehyde - 

effect on Raderium lachTyman.\ 205 

remedy for fa vus 477-4^8 

Formol, used in determining nitrogen in 

spinach 400-404 

Foriunella— 

hindsii, susceptibility to Pseudomonas 

dirt 662-(rf)5 

sepontea, siisceptibilily lo Pspudomrmas 

dir: 662- 665 

Four-lined plant hirg. See Fceci/ota/’rjij' 
lincatus. 

Frost iniury to plants, growth in inieeted 

areas 87-88 

Frear, William, and Erb, E S. (pavrer); Con- 
dition of Fertilizer Potash Residues in Ha- 
gerstown S 1 1 1 y T/oam Soil 5 y-8 1 

Freezing in plants. 83-1x1 

Freezing-point method, determination of 

salt content of soil by 331-.5.56 

Freezing ixiints of juice front hardened and 

tionhardcncd plants 94-9.5 

French cherry. See Eugenia uni/lora. 

Fries, J. August, and Armshy, Henry' Pren- 
tiss (paper): Xet Energy Values of /Alfalfa 

Hay and of Starch 209-21-0 

Frost injury- 

first indications in cabbage and tomato, . . 
hardening cabbage against 

chem i cal chan ges 95“^<’ T 

p'lii-siological changes. 9*’"93 

I ici oxidase changes in injured areas 8R-90 

“ Frosted grains,’ ' relation to after- ripening 153 

Fruit fly. See Ceralilis capilaia. 

Fumigation ol Cattleya Orchids with Hydro- 
cy’anic' Acid Gas (paper) 363-268 
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Fumigation with hydrocyimic-acul ga;,, eficct 

on subterranean lan^a 

Fungous parasites, cause of damping-oiT in 

cooUers 

Further Data on the Susceptibility of Ruta- 
ceous Plants to Citrus-Canker (paper) , , . , 66!“<>t>6 
FurtherStudies on Brisket Disease (paper). 409-414 
Fusarium— 
acuminatum^ 

fungus used in inoculaticm experiments 

with IpoTncea batatas.,. 360 

not cause of damping-oil in conifers. . . . 340*358 
Masticola, cause of damping-ofi in conifers, s.t 7 "S t<i 
caudalum, fungus isolated from Ipomoea 

fcalafcr , 3 ^' 3 ~ 3^>4 

culmoTum, fungus used in inoculation ex- 
periments with Ipomoca halalas 3 Sa~ 3 f '0 

hyPeroxyspOTum, fungus isolated from Ipo- 

moea Oatalas 363 " 3*4 

monUiforme, cause of damping-ofl in coni- 
fers 

ortkoceras, fungus isolated from Ipomoea 

batatas 3 fi 3 - 3''4 

oxysporum — 

fun gusisolatcdf rom / pomoca batatas 360 

isolated in sweet-potato storage-rots 338, 

360, 363-3S4 

Pafasiticum, cause of damping-ofi in coni- 
fers. . S 3 <” 34 & 

pint, cause of damping-oll in conifers. .... 537-5 ;fj 
fofowi, cause of dam ping-off in conifers . . . 340-538 
vasinfeclum — 

cause of damping-off in i-oniters 53 7"54^ 

fungus isolated from Ipo-moea batatas 364 

ventneosum, cause of damping-off in coni- 
fers 533-358 

Fnrofna spp., reported cause of damping-off 

* in conifers .53 r-. 54 ^ 

Gainey, P. L. (paper); Effect of Carbon Di- 
SUlphid and Toluol upon Nitrogen- Fixing 

and Nitrifying Organisms 601-614 

Caiesus silusirii, parasite of M edit erran ear 1 

fruit fly 433-466 

Gas, hydrocj'anic-acid — 

effect on subterranean larvte I33“i36 

fumigation of cattleya orchids zOj-sW 

Gaseous excretion in alfalfa hay and starch 

feeding experiment 373- 284 

Gastric digestion, effect on tarv.'P of Triiki- 

nclla spiralis * , 470-471 

Geise, Fred W..and True, Fixlncy H . (paper h 
Experiments on the value of Green saml as 
a Source of Potassium for Plant Culture . , . 483-492 

Gelatin liquefiers in alfalfa silage 58'“.*?=^ 

Ceraniuni, production of injected areas due 

tofroe/iug 86 

Gemilnator, effect on catalase activity of seeds 

i 5 C>-i,v 9 

Germination, effect on oxidase activity of 

seeds 166-167 

Gherkin, West Indian. CucKwir an^Jiriu. 
G^herdla sattbmeiti, fungus used in inocula- 
tion experiments witli Ipamosa baialos.. 

Glauconite, applied to farm crops t83-4'7-’ 

Glover, Cojrge H,, and Netvsom, L. K. (pa- 
per): Further Studieson Brisket Disease. 459-4U 


CVluCKte in- 

hardened and nonhardened calihagc 95 

normal and blighted spinach jg^ 

Glycerin, used in determining carbohydrates 

in normal and blighted spinach 

Glycosmis pentaphylla, immunity to Pssudo 

monasciiri 664-665 

Gourd- 

calabash. See Lagenaria vulQaris. 
hedgehog. See Cucumis dtpsaceus. 
maudera. See Cmcmwu's acuianQulis. 

See Cucurhila pepo var. avifera. 

Ckiwen, John W. (paper): Studies in Inheril- 
tance of Certain Characters of Crosses be- 
tween Dair3' and Beef Breeds of (iitUe, , , . t-j8 
Grass— 

Bermuda. See Capriola dactyl<m. 

Johnson, See SorQhum kaUpensts 
orchard. See Dadylis ghmerata. 

Sudan. See .dt8dro/>o(7i>n halepensts sudan- 

Tunis-sorghuin hybrid, oxidase activitj'. 161-169 
witch. See Panicum capillarc. 

Gray-damsel bug. See Redu-,;folus ferus. 

Green J uue Vieetle. See Cotinus nitida. 

Greensand, source of potassium 483-492 

Grub, white. Sec Lachmosterna sp. 

Cuaiacnl. useil to determine oxidase activity 

in normal and blighted spinach 377-380 

Guinea pig, weight of heart 41 1 

used in experiments whh plow- 

G^'psy moth. Si* PortkeinaduPar. 

Halpin, J. G-. and Beach, B. A. (paper): Ob- 

servat ionsonanOutb reak of Favus 415-418 

Ilalticus titri, pest of beans iSr 

Hardening Process in Plants and Develop- 
ments from Frost Injury (paper) 83-111 

Hardiness to frost, method of testing 93 

Hardiness to frost, time and temperature 

factors in acquiring or losing. 9.3-04 

Harrington, George T.. and Crocker, William 
(paper): Catalase and Oxidase Content of 
Seeds in Relation to Their Dormancy. Age, 

Vitality, and Respiration i37“r74 

Harris, F. and Fittman, D. W. (paper); 

Soil Factors Affecting the Toxicity of Alkali 

287-319 

Harter, L. E-. Weimer, J. I,., and Adams, J. 

M. R. (paper); Sweet- Potato Storage-Rots 

.i 37 -j 68 

Hartley, Carl, and Merrill, T. C. (paper). 

Seedling Diseases of Conifers 331-338 

Hars-ey. R. B. (paper): Hardening Process 
in Plants and Developments from Frost 

Injury • 

Hawaii, fruit-tls’ parasites in 419-466 

Hawkins, Loii A . ct ah (iiaper); Physioloci- 
cal Studies of Normal and Blighted Spin- 
ach 869-4=3 

Hay, alblfa- 

digestihilily 971. sSi 

net 1*007 gy value i'69-386 

Hayes, H. K., and Army, A.C. (paper): 
ExperLmcnis in Field Tech-ic in Plot 
Tests 351-362 
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Heart— Pase | 

condition in brisket disease i 

weight in “ 

guinea pig 

rabbit 

Heat production and emission in feeding 

erperiment 277-378,284-2^0 

Hedgehog gourd. See CucumisdipiaceKS. 

Helianihus annuns, production of injected 

areas due to Ireering 

Hemiptera, found on Imported orchids afij 

Hespereikusa. crenulaia, susceptibility to 

Pseudomcnas nlri 662-665 

Histological Studies on Potato Leafroll 

(paper) S 59 “ 57 o 

Hoti'us half pen sis sudaftensis. Syn. An (/rtf' 
pcfffcm haiepensis sudanmsis and 
halepensis. 

Hordewn — 
julaium— 

source of Puednia pramwifi tritia trans- 
ferred to semicpngenial hosts 

source of Puccinta fframinis in bridging- 

host experiment 

puiiUum, used in bridging-host experi- 
ment 230-249 

spp., used in bridging-host experiments . . 223-249 

vulgare — 

reported infected with timothy rust 

through bridging host 

source of Puednia orommti (Ttiid trans 

ferred to semicon genial hosts 

Hubbard squash. See Cucurbiia tnadnta. 

Hurrtin nitrogen in healthy and blighted 

spinach 399-404 

Humus extracts of mulch, plowsolc, and sub- 
soil, analysis 

Hunter, O. W. (paper): Bacteriological 

Studieson Alfalla^age 57i'59> 

Hydrangea, production of injected areas due 

to freezing . 85 

Hydrate, ammonium, us^ in experiments 

withplowsole 508 

Hydrochloric add. See Add, hydrochloric. 
Hydrocyanic-acid gas- 

effect on subterranean larvae 133-136 

lumlgationofcattJeyaorchids 263-268 

generation of t34 

Hydrofluoric acid. Sec Acid, hydrofluoric. 
Hydrogen- 

electrode, used in titration ofsilageextract 11R-127 

in gaseous excretion 3731384 

pCTOxid, used in determining catalase 

ermtent of seeds 140-144 

Hydrogen-ion concentration of— 

pi ant sap, changes in during freezing 98- 

silage extract 118-127 

Hydrotjuinone— 

oxidase ol Johnson grass not active toward . 
test for oxidase in— 

frozen cabbage leaves 

normal and blighted spinach 377-380 

Hydroxid — 

barium, used in determining nitrogen in 

spinach 399-404 

sodium— 

iu alfalfa silage S&6-590 


Hydroxid— Continued. Page 

sod i u m C ontinued. 

used to— 

detennine catalase activity of seeds . . , , 339 

determine water-soluble nitrogen in 

spinach , . , . . 3y8*‘404 

neutralize hydrogen perox id 142-144 

Hymenoptera, found on imported orchids. . . 263 


Hypkaniria cunea. host of Limneriumvalidum. 458 
Ilypocknus salani. Syn. Cortidum vaffum. 

Hysirix patula, source of Puednia graminis in 


bridgin g-host experiment 233 

Inheritance of characters of crosses between 

dairy and beef rattle 1-57 

Intestinal trichin®. See T richmella sp iralis. 
SPomcea baiatas— 

storage-rots 337-368 

varieties susceptible to blackrot 346 


Irish potatoes. SeeSefonum lufizrajuni. 
I ron in- 


greensand 483-492 

mulch, plowsolc, and subsoil .508-516 

normal and blighted spinach 571-375 

Isoeugennl, used to determine oxidase activ- 
ity in normal and blighted spinach 377-380 

J ack pine , See Pinus battksiana . 


Japanese crookneck squash. Sec Cucurbita 
moschala, 

Java blackrot of Ipomota batatas — 

description 347-348 

inoculation experiments 34S-349 

Jenkins, Anna £. (paper): Brown Canker of 

Roses, Caused by Diaporthc umbrina 593-600 

Jodidi, Samuel I,., et. at. (paper); Physiolog- 
ical Studies of Normal and Blighted 

Spinach 369-408 

Johnson grass. SeeA'erffAwm ialepewjw. 

June beetle, green. See C^iinus niiida. 

Kamani nuts. SKtTerminaliacalappa. * 

Kellogg, Edward H.. ct al. (paper); Physio- 
logiral Studies of Kurmal and Blighted 

Spinach 369-408 

Kelli', James W-, et, al. (paper): Physiologi- 
cal Studies of Normal and Blighted 

Spinach 369-408 

Kjeldahl method used in determination of 

silage extract 139-131 

Lacknostemasp., larvx, eflect of hydrocyanic- 

acid gas on 134-136 

Lactic acid. See Acid, lactic. 

Lagenaria vulgaris, host plant of Bacterium 

lachrymans 206 

Larv®, effect of hydrocyanic-acid gas on. . . 133-136 
Lasiodiplodia nigra, causal organism of rot in 

ipomota batatas 347 

Latuca ratira, production of injected areas 

due to freezing 86 

Lavanginae, susceptibility to Pseudornonas 

i\Ui 662-665 

Leafroll of Solarium tuberosum S59-.5:o 

Leaispot, angular, of cucumber 201-220 

Lee, H. Atherton (paper): Further data on 
the Susceptibility ol Rutaceuus Plants to 

Citrus-Canker 661-666 

Lepidoptera, found on imported orchids 263 

L«/;fcifemo— 

dolabrala. See Mirit dolabratui, 
id. See Mtrii dolobratus. 
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Lettuce. !S« La(ura jaliic. Pnae 

Levine, M. N., ct al. (paper): Plasticity of 

Biolosric Forms of Puccinia graminis ii 1-249 

Levulose in intumescences on frozen loaves . . 88 

Lime in greensand 483-492 

LimTierium Tofirfnzw, natural parasite ci }■!;.•- 

phantria 45^1 

Loblolly pine. See Pinus taeda- 
Lopomorphus id. Sec Afin's dolohraius. 

La pus id. Miris dolabratus. 

Loeiuat. ^^e-Knoboiryajaponica. 

LycoPersiCon esculenlum, first indications cf 

frost injury in 85 

LyiWJ general plant pest rSi I 

Macrosporium Sp., fungus isolated from }po- ' 

snota batatas 3^4 | 

Magnesia, used in determining vater-soluble 1 

nitrogen in Spinach 398-404 i 

Maencsiuju— 

in mulch, plowsolc, and subst)il . 508-3J6 

oxid— 

in soil, effect of drying 325-3«8 

in normal and blighted spinach 3?i*3:s 

used in determining water-soluble nitro- 
gen in spinach 39S-404 

sulphate- 

effect on plowsolc 507 

in solution used in experiments with 

greensand 480-492 

Handera gourd. See Ci*fumtr dipsuteus. 

Manganese — 

in plant tissues, relation to oxidase activity 373 

ox id- 

in soil, effect of drying 325*528 

ted, in normal and blighted spinach. . . 371-3: ? 
Manganous oxid in mulch, plowsole, and sub- 
soil 

Mongifera iWtca. host of rot -producing organ- 

tin virulent to Ipomota ^ahir. — . 347 

Mango. See Mangiftra indka. 

Manure, effect on irrigated crops 49.r503 

Marl, applied to farm crops, , 483-492 

Maturity of seeds, effect on— 

catalascactivity 148-149 

OX' dase activity 163-164 

Meadow fescue. See Festuca tlaiuTr. 

Meadow Plant Bug, Miris dolabralus, ’Jbe 

(paper) 175-20C | 

Medicugo taika, silage compared with that | 

from Af eliiotur spp 113-132 ! 

Mediterranean fruit fly. See Ceraiitk capi- \ 

tala. j 

MeUtmpsora— \ 

lini, muhinucicate fusion cells 646 ■ 

pinilcriiua, not cause of damping-off in 

conifers ; 

.\felanospora sp.. fungus isolated from !po- ! 

rnoea batatas 3^-* : 

Melkope ttipkylla, susceptibility to Pseudo- \ 

monaioifi 663-665 

.\/fffiW«j spp., silage compared with that 

f rom Aledicago salha 1 1 3- * 2 

Melon fly. five Baetrocera cucurbiiae. 

Melon— 

pomegranate. See Cucutnis mela var. du- 
daitu. 

snake. SeeCueumir mrlp. 


Mercuric— page 

chlotid— 
effect on— 

BachTtumlachrymans ic; 

oxidase aaivity of seeds 1O.S-T69 

u sed in det trmin in g nit rogeii in spinach . ,S99-4C4 
nitrate, effect on oxitlasc activity of seeds. , it ;) 
Mercurous nitrate, effect on oxidase activity 

of seeds 169 

Merrill, T, C., and Hartley. Carl (paper); 

Seedling Diseases of Conifers , 521-558 

Metabolism, nitrogen, in normal and blighted 

spinach :'.5-4«4 

Mcta-cresol, used to determine oxidase ac- 
! tivity in normal and bli.ghtcd spinach. . , 377-380 
I 'letharie fermentation in alfalfa hay and 

I starch 274-275 

i .tficrocilrur— 

I oukraiasica, susoeplibility to Pseudomoftas 

j citri 662-f)65 

^ custralii, susceptibility to Pseudomonas 

citri..- 662-665 

Microbial flora of alfalfa silage 574-502 

Xlsmusops e.lnzgi, used in obtaining oviposi- 

tion records for Opius humdis 443 

.tfirtr— 

abbreidatus . See A/in'r dolabraius. 
belangeri bee .Vfmr dalahraius. 
diilabTatus — 

control measures 197-198 

description 19J-194 

tlimorpliisffl 183-184 

distribution 1:5-181 

economic bnportaiice 181-182 

food plant.s 182-183 

life history 184-194 

natural enemies 194-197 

synonymy 183 

lateralis, Miris dolabralus. 
picticeps. See .U iris doldbratus. 

Moisture— 

effecton— 

after-ripeuing of seeds ijS 

soil acidity 321-329 

toxity of alkali 3o6-3<>9 

in healthy and blighted spinach 387-390 

in sweet-clover and alfalfa silage 114 

Molasses, effect on alfalfa silage ya-m 

\ Memordka — 

brdsamina, frcc from attacks of BacUriuo! 

I lachrymans 206 

' r>rafflwffu, free from attacks of Bacterium 

lachrymans. 

ctaterium, free from attacks of Bacterium 

lackrymarts 

i .Mtmdochaeics infuscans, causal organism of 

scurf in Ipomcea batatas 3.52 

\ Moooamioo add nitrogen in hcaltliy and 

blighted spinach 399-4®4 

; .MonosaccharidS in hardened and nonhafd- 

ened cabbage 95"96 

j Moss loses, resistant to brown canker 593-600 

Moth— 

brown-tail, .See Fuproctis chrysorrkoea. 

\ gypsy. See Pcrthelria dispar. 

^ rusty vapor. S^NoiolophusanUijuus. 
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Mucor — Page 

racrmosus, fungus isolated fTom Iptrmoea 

balaias 5 S 4 -.'?SS 

sp., not cause of ilaniplng-off in conifers. . , . 549 

Multiple-Pipette Holder for the Distribution 
of Serum for the Complement- Kixation 

Test, A (paper) 

Murraya exotica. S>ni. ChaicaS exotica, 

Mushmclon, Sec Cucumis mlo. 

Nedria ipoTrweae, fungus isolated from 

Ipomoea batatas 365-364 

NeoeosTROspoTa tasinfeclum, fungus isolated 

itam I pomoea batatas 364 

Neofabraea malicorticis, fungus used in inocu- 
lation experiments trith Ipomoea batatas. . . 363 

Net Energy Values of Alfalfa Hay and of 

Starch (paper) j69'i86 

Newsom, D. E., and Glover, George H, 

(paper); Further Studies on Brisket Dis- 
ease 409^414 

Nitrate- 

calcium, in solution used in experiments 

with greensand 4556-491! 

mercuric, effect on oxidase activity of seeds. i6g 
mercurous, effect on oxidase activity of 

seeds 369 

potassium- 

method, used in detennining soil acid- 
ity 32 i- 3 i 9 

used in experiments with greensand. , . 468-492 
silver, used in determining nitrogen In 

Spinach 399-404 I 

sodium, effect on plowsole 507 \ 

Nitric acid. Sec Acid, nitric. 

Nitrifying organisms in soil, effect of carbon 

disulphid and toluol 6ot-6s4 . 

Nitrogen — 

acid amid, in healthy and blighted spin- 
ach, 398-404 ; 

amino, in alfalfa silage ,^81-590 

ammonia, in healthy and blighted spin- 
ach. ‘ 398-404 

basic, in healthy and blighted spinach,. . 399-404 
digestibility in alfalfa hay and starch ... 2 7 1 , 263 
bumin, in healthy and blighted spinach 399-404 

in dry matter of feeding stuffs 270 

inliardenedandnonhardenedcabbage. 97,105-108 

in silage extract rJS-D2 

metabolism in normal and blighted spin- 
ach 383-404 

monoamino acid, in healthy and blighted 

spinach — 399-404 

peptid, in normal and blighted spinach. 400-404 
residual soluble, in normal and blighted 

spinach - • 400-404 

Nitrogen-fixing organisms in soil, effoct of 

carbon disulphid and toluol 6ot-6j4 i 

Nitrogen-free extract, digestibility in uKalfa 

hay and starch 270,271,282 , 

Nitfohydrochloric acid. See Acid, nitrohy- 
drochloric. 

Nonprotein content of dry matter of feeding 

stuffs >70 ; 

Nonprotein nitrogen in normal and blighted 
spinach 39.5-39: i 

Nonproteins in normal and blighted spinach ,385-404 ! 

Norway spruce. Sec Picta excelsa. 


Natolopkus antiquus, used in experiments 

with LiTOrtcrtM-m validium 456 

Nuts, kamani. See Terminalia caiappa. 

Oats. See Axxtna sath'a. 

Observations and Experiments on Intestinal 

Trichinse (paper) 467-.i.i5» 

Observations on an Outbreak of Favus 

(paper) 4 i 5 ' 4 i 8 

Olive earth, overhing greensand 4S4 

Olive, Russian wild. See plaeaqnus sp. 
Oncognatk-us binolahts, infesting timothy.. 178,181 
Oomyceles causing damping-off of conifers. . . 530 

Opiinae, three species natural enemies ol 
Mediterranean fruit fiy 419-466 

fietekeri — 

enemy of Mediterranean fruit fly 419-466 

melon-fly parasite 456 

kumilis— 

life history 440-445 

natural enemy of Mediterranean fruit 

fly 419-466 

Orchard grass. See Dudylis gUmerala. 

Orchids, cattleya, fumigation with hydro- 
cyanic-acid gas 263-168 

Organic matter — 

digestibility in alfalfa bay and starch 271, 282 

effect on tuxity of alkali 303-305 

Orthoptcra, found on imported orchids 263 

Osbom. Herbert (paper): The Meadow Plant 

Bug, Mirts dulabratus. 175-200 

Oxid- 

aluminium, in- 

mulch, plowsole, and subsoil 508-516 

normal and blighted spinach 371-.375 

soil, effect of drying 353-328 

calcium, in — 

greensand.. ,1; 

mulch, plowsole. and subsoil 515-5*6 

normal and blighted spinach 37J-375 

soil, effect of dr>itig 325-328 

cuprous, in intumescences on Iroren leaves. 88 
ferric, ia— 

mulch, plowsole, and subsr>il 50.8-516 

soil, effect of drying 325-528 

magnesium, in- 

normal and blighted spinach 37 *" 37 S 

soil, effect of drying 32 S “329 

manganese, in soil, effect of drying 325"329 

manganous, in mulch, plowsole, and sub- 
soil. 5!J-5 i6 

potassium, in- 

greensand. 485 

normal and blighted spinach. 37*-373 

red manganese, in normal and blighted 

spinach 37*'37S 

silicic, in soil, effect of drying 325-328 

sodium, in nonnal and blighted spinach. 37'-37S 
Oxidase, in- 

frozen cabbage leaves 

nonliving structures of seeds 167-168 

normal and blighted spinach 377"38o 

plant tissues, relation to manganese con tent 373 

seeds J 37~>74 

Oxygen- 

effect on after-ripening of seeds. ‘ 3 » 

liberated from seeds by catalase aetb iti'. n2-i6t 
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pachycrepoideus dvbius — 

enemy of Mediterranean, fruit fly. 4ii>-4«i 

puiJariiini parasite of Mediterranean fruit 
fly 

Paniadarta pauci/lora, source of Fuenna 
graminis avenae transferred to uncongenial 



Paniruvt capillart, food plant of Aftris df'!a~ 

bratus * ' ^ 

Paracrcsol, used to determine — 

catalase activity of seeds jftj.rOO 

oxidase activity in normal and blighted 

spinach 

Parafnignya longipfdunculata, susceptibility 

to Pseudomonas ntri 662-r)fii 

Parasites of Mediterranean fniit fly in 

Hawaii 

Parasitism, Morphology, and Cytology of 

Cremartiura ribicola (paper) 6j9-t-t-o 

Peach , See A mygdalus persica. 

Pemberton, C. E., and Willard, II. F. (paper); 
Contribution to the Biology of Fruit-Fly 

Parasites in Hawaii 4iy-4e!6 

Fevirillium . — 

sp., fungus isolated from Ipomoea baior 

33 5 -? 5 f'. 364 

sp, not cause of damping-oR in conifers 549 

Pentoxid, phosphorus, in- 

greensand 4^*5 

mulch, plowsole, and subsoil 508-5^6 1 

normal and blighted spinach 37 i “375 ' 

Peonia oj?lcma/u, host of Cronarlitim fiac- 

CTifwwt 638-6,19 

Peptid nitrogen in normal and blighted 

spinach — 400-404 

PerkfcrmiMm— 

MreiiTum, parasite of Pinus virginiana ... (15 

piwt— 

parasite on /■’inuj ryh'^rrm 625 : 

<taWttw, nuclear division of sedosporcs, , 639 i 

Peroxid of hydrogen, used in determining 1 
catalase content of seeds 1 40-1 44 1 

Peroxidase in frozen cabbage leaves 8S-89 : 

Ptstaloszia— 

/uncrco. isolated from damped-off conilcrs 547-.S5S 
Aarfttfii, isolated from dam ped-off conifers. 547-558 , 

sp , isolated from ipomoea batatas ,’64 ; 

Pkeidoh megacephala, natural enemy ol Med- 
iterranean fruit fly 419-466 

Phenolphthalein, used in- 

determining catalase content of seeds 5,'9 

titration of silage extract 3 j 6 - n 7 

PhlcumpraUnse-^ 

food plant of .Vfirts dolabratus 1:6,183-183 

source of Purccinus graminis pkleipratonsis 

transferred to scmicoagcaial hosts 344 

uncongenial host of Pucemia gramims 

avenae . . - 

Phloroglucin. used to detennine oxidase 

reaction in normal and blighted spinach. . 3:7-.i8c 

PAowo— 

baiaiae, reported causal organism of drymt 
of /^owra 

bftae, not cause of damping^ff in conifers , .540-5 
Phorantha ccddeniis, parasite of Mins dda- 
6 fot«r 


Page I Phosphate— Page 

j potassium, in solution usid in experiments 

with grecnsaufl 486-49? 

sodium, effect on plowsole sc: 

Phosphates in- 

greensand 483-493 

olive ftirth 484 

PhosphoDiolybdic acid. See At9d, phospho 
molybdic. 

Phosphorus- 

in hanJentd and nonharde; 

bage 

pmtoxid in- 

greensand 

mulch, plowsole, and subsoil. . 

normal and blighted spinach 371-375 

I’hosphotungslate, barium, used in deter- 
mining nitrogen in spinach 399-404 

Phosphot imgstic acid. See Acid, phospho- 
tungstic. 

Physiological Studies of Xormal and Blighted 

Spinach (paper) 360-408 

PkyioPkiftora sp.. causal organism of damping- 

off in conifers. 530 

Picea — 

1 en gelmann r, host of damping-off parasites. 523-558 

■ eitelsa, host of damping-off parasites 533-558 

' Piemciscl, F. J.,et al. (paper): Plasticity of 

Biologic Fonns of Puccinia graminis 221-249 

1 Pig, guinea, weight of heart 411 


cab- 

97,105-108 


48s 


Pine- 


Pu 


Austrian. 

Corsican. See Pinus nigra poiretiana, 
jaeV. See Pinar bart^rwna. . 
loblolly. See P\nus iaeda. 
pitch. See Pinus rigida. 
red. See Pinvicsinosa. 

Scotch . See Plnus sylveslris. 
scrub. See Piwur wgmforw. 
shortleaf. See Pinus eckinala. 

■white. See Pinus strobus. 
yellow. ?,et Pinus Pondcrosa- 
Ptnus- 

austncca. Lost of dafflpiftg-off parasites. . 531-.5S8 
JoTiferiotto, host of damping-off parasites. 535-558 

(tfiinala, germination in mineral soil 526 

jtadis, host of Crcnarlium ribicola 620 

mcmiarta, attached by Aldampsora 



ntgta poireiiana, host of damping-off 
fungi .434-558 

/>afTS/ioT(I— 

host of Cronarlium ribicola 

nature infection by Cronarltum rtbi- 

^'‘ 5.651 

host of damping-off parasites 

nature of injury from CronarUum comp- 

ton iac 

resinosa, host of dampine-off parasites, 

f rcfja, germination in mineral soil 

, supulorum. S\-n. Pinus pondcrosa. 
sit I 'bus— 

hostel Crimarlium ribicola 

; host of damping-off parasite? 

33fl«;Mr,hostof- 

damping-off parasites 53 «-SS 8 


. 531-358 
. . . S®*’ 


. 619-660 
. 530-5.38 


Prridermium pint.. 


tis 
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PtrtMs— Continued . Page 

laeda, germination in mineral soil 326 

TitV(?tniart<i — 

germination in mineral soil 526 

host of Peiidermritm cerebrum 623 

Pipette holder for distribution of serum . , . 615^18 
Pitch pine. Sec Pinw risiida. 

Pittman, D. W., and Harris, F. S. (paper): 

Soil Factors Affecting the Toxity of 
Alkali 2S7'3i9 


Plant bug— 

Jour-lined. See Poealocaprus Imeahi s. 
mead 0 w . See Miris dolabratus. 
tarnished. See Lygus pratensis. 

Plants, hardening against frost Sj-m 

Plasjnolysis oi cells— 

caused by freezing , 90-92 

effect on hydrogen-ion concentration of sap . 99 

Plasticity of Biologic Forms of Puccinia 

graminis (paper) j*r-249 

PUnodomns destrwns, causal organism of foot- 

rot of Ipcrmoea batatas 330 

Plot tests, held technic ast-afia 

Plowsole, lelatioo of inorganic soil colloids 

to 505-519 

Poa pratensis — 

catalase and oxidase content of seeds .... 137-174 

food plant of .kf trtr dolabratus 182 

p£>ceihji:o/>ntJ lineaiwr, pest of currants 181 

Polypeptids in normal and blighted spin- 
ach 385-404 

Polypha^s eufUnoe, similarity to CrcttarfmTn 

ribicola 648 

Polysaccharids in hardened and nonhardened 

cabbage 93-96 

Pomegranate melon. See Cutumir j»<lo var. 
dud aim. 

Popillia yo^wiito, larv*, effect of hydrocy- 
anic-acid gas on i34-tj6 

Populus— 

aiha, attacked by bdelampsora pinilorsua .. 531 

balsami/era cartdicans, attached by Mel- 

amPsora pin iiorgua s 5 r 

tremula, attached by Melampsnra pmitor- 


qua SS« 

PoTtJietria dispar, used in experiments with 

Limnerium ralidum 438 

Potash in- 

greensand 483-492 

Hagerstown silty loam, soluble in— 

ammonium-chlorid sohiUon 67-70 

carbonated water 67 

distilled water 64-66 

hj'drochloric acid 63-64 

Potassium — 

chlorid, used in experiments with green- 
sand 488 

cyanid, tolerance of larvK of Trichinelia 

Spiralis to 477*479 

in greensand 483-495 

nitrate, used in experiments with green- 
sand 488-493 


oxid in— 

normal and blighted stnnach 371-373 

greensand 483 

phosphate in solution used in experiments 
with greensand 4B6-492 


Page 

Potasstum-aluni solution, used in determining 

protein nitrogen in spinach 39i“393 

Potassium-nitrate method, used in deter- 
mining soil acidity 3»2'329 

Potato — 

sweet. See IPomoea doloter. 

See Solarrum tuberosum. 

Potentiometric determination of changes in 


hydrogen-ion concentration of plant sap 
during freezing 99-iai 

Protein- 

digestibility in alfalfa hay and starch 271,287 

in dry matter erf feeding stuffs 270 

in hardened and nonhardened cabbage. 97,103-104 

in normal and blighted sranach 385-404 

P seudomtmas — 


susceptibility of rutaceous plants 661-666 

virulence to Kutaceae 661-666 

lachrymans. Syn. Bacterium (achrymans. 
Puccinia— 

disPersa, plasticity of biolo{^c forms 221 

folcariae, aciospore chains 647 

ffomntir— ' 

plastidty of biologic forms 33 1-349 

agrostis, plasticity of biologic forms ... 341-247 
anenat, used in bridging-host experi- 

ments . 227-249 

Phleipratensis, plasticity of biologic 

forms 241-247 

secalis, used in bridging-host experi- 
ments 235 

fririd, used in bridging-host experi- 
ments 335-349 

frifJd-rOTtt/>odi, used in bridging-host 

experiments 327-249 

Pucciniaslrtim asrimoniae, structure of ure- 

dinium 652 

Pulverization of seeds, effect on catalase ac- ■* 

tivity 143-143 

Pumpkin. Sec C«cwr6»lo pepo. 

Pyrocatechln, used as test for oxidasein frozen 

cabbage leaves. 88 

Pyrocatechol, used to determine oxidase ac- 
tivity of— 

normal and blighted s[^ch 377*380 

seeds 163,166 

Pynogallol. used to determine oxidase in — 

frozen cabbage leaves 88 

normal and blighted spinach 377-380 

seeds 163,106 

Psevdolsuga taxi folia, host erf damping-off para- 

rites 331-558 

Pyikium debar yanum, cause of damping-off in 

conifers SJi'Si® 
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